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THE RUINS OF LELAND STANFORD, JR., 
UNIVERSITY. 

In the greater disaster of San Francisco, the damage 
done to the small towns in the neighborhood of that 
city has been largely overlooked. In many of these 
towns the sufferings and privations endured by the 
stricken inhabitants were almost as great as those of 
the San Francisco victims, the chief difference being 
that the communities affected were much smaller and 
less dense. Of these,“the one to which the greatest 
interest attaches is probably the little town of Palo 
Alto, thirty-five miles southeast of San Francisco, for 
the reason tha\ nere the Leland Stanford, Jr., Univer- 
sity is located. Six weeks ago Stanford University was 
classed as the most beautiful university in the world, 
owing to its charming location and picturesque and 
harmonious architecture. The central buildings of the 
University were patterned after the old Spanish mis- 
sions of that region. They are low structures built of 
buff sandstone and covered with red tile roofs. The 
buildings are arranged in two quadrangles, one within 
the other. The inner one is made up of twelve single- 
story buildings, which are connected by a continuous 
arcade and face a court 586 feet long by 246 feet wide. 
These buildings contain the administrative offices and 
the Departments of Law, Mathematics, and Languages. 
Connected by corridors with the inner quadrangle is 
the outer quadrangle, which also consists of twelve 
buildings connected by a continuous open arcade, but 
most of these buildings are two-story structures. In 
this quadrangle are the Departments of Science, Engi- 
neering, Economics, History, and English. The Li- 
brary and Assembly Hall also form part of this quad- 
rangle. The dormitories, shops, laboratories, gym- 
nasium, etc., comprise a number of detached buildings 
about the outer quadrangle. 

The Memorial Arch and the Memorial Church were 
the most striking features of the outer quadrangle, 
and on these two “show” pieces of the University, the 
recent earthquake seemed to expend its greatest spite. 
The Memorial Arch was originally 100 feet high and 
90 feet wide with a span of 44 feet, and it was dec- 
orated by a frieze 12 feet high, designed by St. Gau- 
dens. Now it is badly damaged above and below the 
frieze and one foot is shifted at the base. It is also bad- 
ly cracked. The Memorial Church was a grand strue- 
ture of Moorish Romanesque architecture. The steeple 
of the church rose to a height of 188 feet. The in- 
terior of the building was ornamented with most beau- 
tiful and costly mosaics, and the church was fur- 
nished with a magnificent organ of 46 stops, 3,000 
pipes, and a set of chimes. The destruction of this 
magnificent building is well told by our illustrations, 
The steeple toppled over and fell through the roof, 
carrying with it a mass of wreckage into the body of 
the church. The clock was left intact, supported by 
a beam in the tower. The mosaic of “The Sermon on 
the Mount” was hurled to the pavement, leaving the 
organ loft exposed. Fortunately the organ was but 
little damaged. 

Another building to suffer severely from the earth- 
quake was the new $800,000 library, which was still 
in course of construction. The walls of this building 
collapsed and the roof fell in. The Chemistry Build- 
ing suffered mainly from a tall chimney, which broke 
about 20 feet from the base. The engineer was caught 
inthe fall and killed. The dormitories and most of 
the residence buildings on the campus were badly in- 
jured by the earthquake, mainly owing to the fall of 
chimneys. Only one student was killed, although a 
great many were badly hurt by the collapse of a chim- 
ney of Encina Hall. The Museum was also badly 
wrecked, many valuable collections being lost, the only 
part that can be saved being the collections of the 
Indian room and the Memorial room, also Mrs. Stan- 
ford’s paintings. The Egyptian collection and the 
costly Venetian glasses are a total loss. Fears are also 
expressed for the valuable Australian paintings, which 
are buried in the ruins. One of the oddest freaks of 
the earthquake was that which befell the statue of 
Agassiz in front of the Zoological building. This 
statue was hurled from its pedestal 30 feet to the 
ground, where it dived head foremost into a cement 
sidewalk and was buried to its shoulders. 

Much surprise has been expressed at the severe ef- 
fects of the earthquake on buildings constructed as 
were those of Stanford University. It was owing to 
the fear of seismic disturbances that the low Mission 
style of architecture was adopted. This, however, 
proved to be of little avail under the inertia strains 
imposed by the earthquake. One lesson, however, was 
learned which will be of importance in the rebuilding 
of the University structures, namely, that high chim- 
neys must be avoided, as a great deal of the damage 
done was due to the fall of chimneys. The first hys- 
terical reports of the earthquake placed the loss to 
the Un'versity at nearly $3,000,000. This estimate has 
since been greatly modified. President David Starr 
Jordan believes that the injury to the working build- 
ings can be repaired at a cost of $200,000. Most of 
the damage done affected the “show” buildings, but 
even these, it is estimated, can be restored at an ex- 
penditure not exceeding half a million dollars. 


Linoleum for Cement Floors.—To make linoleum ad- 
here to a cement floor, a glue is used which has been 
boiled until it is of the consistency of carpenters’ 
zine, and to which sifted wood ashes have been added, 
stirring, to make a mass resembling varnish. Apply 
to the lower side of the linoleum, and press hard 
against the floor—Die Werkstatt. 


THE FIND AT OXYRHYNCHUS. 

Das. B. P. Grenvet. and D. A. S. Hunt have discov- 
ered among the ruins of Oxyrhynchus in Egypt a frag- 
ment of vellum supposed to be a lost gospel, which is 
now in Queen’s College, Oxford, and over which much 
controversy is likely to arise. The find is wormeaten, 
but perfectly legible, being written in Greek characters 
almost microscopically minute. It contains about three 
hundred words, describing a conversation in the temple 
between Jesus and a Pharisee. It was at Oxyrhynchus 
that excavators found the Logia of Christ a few years 
ago. 

It turns out that the excavations of Drs. Grenfell 
and Hunt have yielded many writings equal in im- 
portance to the gospel fragment. The New York Even- 
ing Post publishes the following complete narrative of 
the discoveries, written by the archeologists them- 
selves, and forwarded to Prof. Thomas Day Seymour 
at Yale University. It follows: 

“After four winters spent in excavating the site of 
Oxyrhynchus, and when most of the earlier rubbish- 
mounds had been dug down to the level at which papy- 
rus ceases to be preserved, it was hardly to be hoped 
that discoveries of literary papyri on a quite excep- 
tional scale were still in store for us. Fortune, how- 
ever, as the event proved, had reserved her most 
precious gifts until the fifth season, the results of 
which surpass even those of the first excavators at 
Oxyrhynehus in 1897. 

“The mounds, of which the excavation had for 
various reasons been postponed until last winter, are 
situated in the central portion of the site. Only in one 
comparatively small group of these was it certain that 
papyri earlier than the fourth century would be forth- 
coming near the surface. In the other mounds the 
Roman layers were known to be more or less deeply 
buried under Byzantine accumulations dating from the 
fifth century onward. Hitherto all the chief finds of 
literary papyri at Oxyrhynchus have been made in the 
earlier strata, and the experience of former years had 
not led us to expect very much of importance either 
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from fifth to seventh century rubbish, in which literary 
pieces are generally scarce, or from the deeper levels 
in which papyri of any description tend to be in very 
poor condition. 

“Since it was uncertain whether a continuance of the 
excavations would be possible in the future, we were 
anxious to turn over as much ground as possible; and 
for the greater part of fourteen weeks over 200 men 
and boys were employed, instead of the usual 120. 
With a largely increased number of hands it is not 
surprising that last season’s papyri, which range from 
the second century B. C. to the sixth century A. D., 
occupy 131 boxes compared with 91 and 117 filled in 
the two preceding seasons. But, what is much more 
important, the quality of the new finds is not less re- 
markable than their quantity. 

“In a rich site such as Oxyrhynchus it is not uncom- 
mon to come upon large groups of papyri which have 
been thrown away simultaneously. These finds gen- 
erally consist either of letters, accounts, and contracts 
belonging to one or mére private individuals, or else 
of multifarious official documents from the local ar- 
chives, while literary fragments are as a rule con- 
spicuous by their absence. Not until last season has 
any excavator had the good fortune to make a find of 
this extensive character in which the papyri, instead 
of being non-literary, had emanated from a scholar’s 
library. 

BROKEN LITERARY PAPYRUS. 

“The first occasion on which this occurred was on 
January 28, when we were excavating one of the few 
remaining Roman mounds. Shortly before sunset we 
reached at about six feet from the surface a place 
where in the third century a basketful of broken liter- 
ary papyrus rolls had been thrown away. In the fad- 
ing light it was impossible to extricate the whole find 
that evening: but a strong guard was posted on the 
spot during the night, and the remainder was safely 
removed in the following forenoon. Before being con- 
demned to the rubbish-heap the papyri had as usual 
been torn up; but amid hundreds of smaller fragments 
there were a couple of cores of rolls, containing ten or 
twelve columns, several pieces containing five or six, 
and many more one or two. 
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“How far the pieces will fit together is still wrcer. 
tain, for the papyri only reached England at the e: ( of 
April, and we have not yet been able to decipher ore 
than a few of the larger fragments. But it is pro!) ble 
that they can be combined to some extent, altho ngh 
the task of fitting them together will inevitab!, e 
slow. It is therefore impossible as yet to forn, an 
exact estimate of the value of the find; but, le: ing 
the small fragments out of account, the MSS. which 
are represented by one or more of the longer ces 
number ten, all belonging to the second or thir«  ep- 
tury. Two of these are poetical, doth fortunately »on- 
extant and by authors of the highest rank, Pindar and 
Euripides. 

“The Pindar papyrus contains, principally at any 
rate, Peans, i. e., odes of supplication or thankss\\ing 
addressed to a god, and their authorship is proved by 
a coincidence with an already known Pindaric frag: 
ment. The text is accompanied by elaborate ex) jana- 
tory scholia. So far we have extracted nine practically 
complete columns of about fifteen lines; and there are 
parts of a good many more. Since the existing |rag- 
ments of the Peans amount to a bare dozen lines the 
papyrus practically introduces us for the first time to 
this class of Pindar’s compositions. 

SERIES OF POETICAL FRAGMENTS, 

“The second series of poetical fragments is from a 
roll containing a tragedy on the subject of Hypsipyle, 
which on the strength of certain features in the plot 
as well as of style, we have little hesitation in i denti- 
fying with the Hypsipyle of Euripides. The scene of 
the drama is laid at Nemea, and the characters occur- 
ring or mentioned are Hypsipyle herself, her two sons 
(Euneus and Thoas), Amphiaraus, and probably Par- 
thenopeus (two of the seven heroes who took part in 
the expedition against Thebes), and Lycurgus, King of 
Nemea. The portions of the text recovered up to the 
present amount to about 100 complete or nearly com- 
plete lines, mainly lyrical, but this number will, we 
hope, eventually be considerably increased. 

“Of the prose MSS. several belong to extant works, 
two containing the Phedrus, and one the Symposium 
of Plato, the last being the longest papyrus of the find: 
a fourth has the speech of Demosthenes against Beo 
tus, a fifth the Panegyricus of Isocrates. Of a MS. of 
the orations of Lysias one piece contains the conclusion 
of the speech against Hippotherses, which is lost, and 
the beginning of that against Theomnestus, which is 
extant. By far the most valuable of the prose pieces 
is part of a new history of Greece. The longest frag- 
ment of this has not yet been unrolled, but one of the 
other pieces is concerned with the relation of parties 
at Corinth to Argos and Sparta in the period succeed- 
ing the battle of Nemea in B. C. 394, and in connection 
with the Corinthian general, Timolaus, refers to two 
otherwise unrecorded incidents in the Peloponnesian 
war. It is clear from the style of the fragment that it 
belongs to a historical work on a large scale and of 
first-rate importance, possibly by Ephorus or Theopom- 
pus. The other new prose text is a commentary on 
the second book of Thucydides, different from the ex- 
tant scholia, and, since the views of Dionysius of Hali- 
earnassus are criticised, probably a work of the first 
century. 

REMAINS OF A SECOND CLASSICAL LIBRARY. 

“A few days after this find of literary texts we dis- 
covered the remains of a second classical library in 
another mound. In this, the fourth to fifth century 
layers reached down to a level of 10 to 15 feet, beneath 
which were the Roman strata, extending below the 
crest of the mound to a depth of 30 feet. Here about 
8 feet from the surface we came upon a thin layer 
which throughout an area of many square yards was 
full of literary fragments, while stray pieces belonging 
to the same texts were found some distance away. The 
evidence of documents found below the literary texts 
shows that the latter must have been thrown away in 
the fifth century, but the MSS. themselves are chiefly 
of the second or third century. Compared with the 
first literary find, the second is in point of bulk more 
than twice as large, and the MSS. probably exceed 
thirty in number; but as a whole it is hardly likely to 
prove so valuable, since the papyri have been much 
more broken up. 

“A hexameter poem of twenty-two lines in praise of 
Hermes is complete, and there are several pieces con- 
taining more than one column of writing; but it is 
doubtful whether continuous sheets of much length 
can be built up out of the innumerable fragments, 
which range in size from some lines to a few letters. 
This is the more regrettable because the owner of the 
library was much interested in the lyric poets. His 
collection included two or three MSS. apparently of 
Sappho, and one of the dithyrambs of Bacchylides («t- 
tested by the title of the roll which still adheres to 
part of the ode of Theseus), as well as a MS. of the 
meliambi of Cercidas. Since one fragment of the !«ast- 
named work contains upward of seventy lines and in 
the extant remains of Cercidas there are only fourteen, 
it will now be possible to form a fairer estimate of ‘he 
fourth century B. C. poet-philosopher of Megalopolis. 
The authorship of the other MSS. in the second ‘ind 
has not yet been determined. 

“In another part of the same mound, at the unusual 
depth of twenty-five feet, we made what is with one 
exception the largest find of papyri that has ye! oc 
curred at Oxyrhynchus. The bulk of it consists of first 
to second century documents, but interspersed among 
these are many literary pieces, some of which are fairly 
long. Being affected by damp, the surface of mo- of 
these papyri requires cleaning before continuous (¢& 
cipherment is possible. 
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THE VELLUM LEAF OF GOSPEL. 

“while these three principal finds necessarily over- 
shadow ‘le other discoveries of the season, they too 
presen’! ‘any points of interest. In particular, one of 
the atine mounds yielded pages from fourth to 
sixth ce/ury books of papyrus or vellum in unprece- 
mbers. Among these pieces of classical or 


dented 

theolo | works we may signalize a leaf from a Latin 
papyru: MS. of the Catiline of Sallust, and a vellum 
leaf ({(. y-five lines in all) from a MS. of a lost Gospel. 


The sul ect of this is a visit of Jesus with his disciples 
to the mple at Jerusalem and their meeting with a 
Phariss+, who reproaches them with their failure to 
perforin ‘he necessary ceremonial of purification before 
entering the holy place. After a question and answer, 
in which the Pharisee describes in some detail the 
form ies which he had himself observed, Jesus 
makes an eloquent and crushing reply, contrasting out- 


ward with inward purity. There is a certain resem- 
blance between this and the denunciation of the Phari- 
sees in Matthew xxiii, 25, and Luke xi, 37; but the 


whole incident, of which the account is practically 
comp! ‘ec and very striking, is quite different from 
anything recorded in the Gospels. Among the most 
remar.able features of the fragment are its cultivated 
literary style, the picturesqueness and vigor of the 
phraseology, which includes several words not found 
in the New Testament, and the display of a curious 
familiarity—-whether genuine or assumed—with the 
topography of the temple and Jewish ceremonies of 
purification. The question of the nature and value of 
the Gospel to which this fragment belongs is likely to 
provoke much controversy.” 

The next memoir of the Greco-Roman excavation 
branch is Part I. of the Hibeh Papyri, which will ap- 
pear in a few weeks. The publication of the chief 
literary papyri from the new finds will begin in Part 
V. of the Oxyrhynchus Papyri, to be issued in 1907, 
and will be continued in succeeding volumes of the 
same series. Meanwhile, funds are needed by the 
Branch in order to complete the excavation of all the 
more promising portions of Oxyrhynchus before the 
concession for the site is given up. For this object at 
least one season’s work is necessary. Subscriptions 
may be sent to Prof. Seymour, Yale University, who 
is one of the honorary vice-presidents for America. 
Subscribers of $5 are entitled to the annual volume. 


SIMPLE TESTS FOR THE DETECTION OF FOOD 
ADULTERANTS.* 
INTRODUCTION. 

GENERALLY speaking, the methods of chemical analy- 
sis employed in food laboratories can be manipulated 
only by one who has had at least the usual college 
course in chemistry, and some special training in the 
examination of foods is almost as necessary. Again, 
most of the apparatus and chemicals necessary are en- 
tirely beyond the reach of the home, and the time con- 
sumed by the ordinary examination of a food is in 
itself prohibitive. 

Yet there are some simple tests which serve to point 
out certain forms of adulteration and can be employed 
by the careful housewife with the reagents in her medi- 
cine closet and the apparatus in her kitchen. The 
number may be greatly extended by the purchase of a 
very few articles that may be procured for a few cents 
at any drug store. In applying these tests, one gen- 
eral rule must always be kept carefully in mind. Every 
one, whether layman or chemist, must familiarize him- 
self with a reaction before drawing any conclusions 
from it. For instance, before testing a sample of sup- 
posed coffee for starch, the method should be applied 
to a sample of pure coffee (which can always be pro- 
cured unground) and to a mixture of pure coffee and 
starch prepared by the operator. 

Many manufacturers and dealers in foods have the 
ordinary senses so highly developed that by their aid 
alone they can form an intelligent opinion of the na- 
ture of a product, or of the character, and sometimes 
tven of the proportion, of adulterants present. This is 
specially true of such articles as coffee, wine, salad 
oils, flavoring extracts, butter, and milk. The house- 
wife finds herself constantly submitting her purchases 
to this test. Her broad experience develops her senses 
of taste and smell to a high degree, and her discrim- 
ination is often sharper and more accurate than she 
herself realizes. The manufacturer who has developed 
his natural senses most highly appreciates best the 
assistance or collaboration of the chemist, who can 
often come to his relief when his own powers do not 
avail. So the housewife, by a few simple chemical 
tests, can broaden her field of vision and detect many 
impurities that are not evident to the senses. 

There are here given methods adapted to this pur- 
pose, which may be applied to milk, butter, coffee, 
Spices, olive oil, vinegar, jams and jellies, and flavor- 
ing extracts. In addition to this some general meth- 
ods for the detection of coloring matter and preserva- 
tives will be given. All of the tests here described may 
be performed with utensils found in any well-appointed 
kitchen. It will be convenient however, to secure a 
smail glass funnel, about 3 inches in diameter, since 
filtration is directed in a number of the methods pre- 
scribed. Filter paper can best be prepared for the fun- 
nel by cutting a circular piece about the proper size 
and folding it once through the middle and then again 
at right angles to the first fold. The paper may then 
be opened without unfolding in such a way that three 
thicknesses lie together on one side and only one thick- 
tess on the other. In this way the paper may be made 
to fit nicely into the funnel. 


* Absiract of a monograph by W. D. Bigelow and Burton J, Howard, 
Pablished by the Department of Agriculture. 
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Some additional apparatus, such as test tubes, racks 
for supporting them, and glass rods, will be found more 
convenient for one who desires to do considerable work 
on this subject, but can be dispensed with. The most 
convenient size for test tubes is a diameter of from 
one-half to five-eighths inch and a length of from 5 to 
6 inches. A graduated cylinder will also be found very 
convenient. If this is graduated according to the 
metric system, a cylinder containing about 100 cubic 
centimeters will be found to be convenient; if the 
English liquid measure is used it may be graduated to 
from 3 to 8 ounces. 


CHEMICAL REAGENTS. 

The word “reagent” is applied to “any substance used 
to effect chemical change in another substance for the 
purpose of identifying its component parts or determin- 
ing its percentage composition.” The following re- 
agents are required in the methods here given: 

Turmeric paper. 

iron alum (crystal or powdered form). 

Hydrochloric acid (muriatic acid) concentrated. 

Caution.—All tests in which hydrochloric acid is 
used should be conducted in glass or earthen ware, for 
this acid attacks and will injure metallic vessels, such 
as iron, tin, zinc, etc. Care must also be taken not to 
bring it into contact with the flesh or clothes. If by 
accident a drop of it falls upon the clothes, ammonia, 
or in its absence a solution of saleratus or sal soda 
(washing soda), in water, should be applied promptly. 

Iodin, tincture. 

Potassium permanganate, 1 per cent solution. 

Alcohol (grain alcohol). 

Chloroform. 

Boric acid or borax. 

Ammonia water. 

Halphen’s reagent. 

With the exception of the last reagent mentioned, 
these substances may be obtained in any pharmacy. 
The Halphen reagent should be prepared by a druggist 
rather than by an inexperienced person who desires to 
use it. This is especially important because of the in- 
flammable nature of carbon bisulphid which enters into 
its composition. 

Caution.—Carbon bisulphid is a very inflammable 
substance and is at least as dangerous to handle as 
gasoline. For this reason the Halphen reagent, into 
the composition of which carbon bisulphid enters, must 
be handled with care, and only a small portion of it 
taken into the vicinity of the fire. When it is em- 
ployed the end of the test tube may be loosely stop- 
pered with cotton. The carbon bisulphid in the amount 
of reagent used for a single test, however, is so small 
as not to cause any particular danger in its use. 

Halphen’s reagent is prepared as follows: An ap- 
proximately 1 per cent solution of sulphur is made by 
dissolving about one-third of a teaspoonful of precipi- 
tated sulphur in 3 or 4 ounces of carbon bisulphid. 
This solution mixed with an equal volume of amy) alco- 
hol forms the reagent required by the method. A 
smaller quantity than that indicated by these directions 
may of course be prepared. 

If turmeric paper be not available it may be made 
as follows: Place a bit of turmeric powder (obtain- 
able at any drug store) in alcohol, allow it to stand 
for a few minutes, stir, allow it to stand again until it 
settles, dip a strip of filter paper into the solution, and 
dry it. 

DETERMINATION OF PRESERVATIVES. 

The following methods cover all of the more impor- 
tant commercial preservatives with the exception of 
sulphites and fluorids. These are quite frequently used 
for preserving foods—the former with meat products 
and the latter with fruit products—but, unfortunately, 
the methods for their detection are not suitable for 
household use. 

DETECTION OF SALICYLIC ACID. 

The determination of salicylic acid can best be made 
with liquids. Solid and semi-solid foods, such as jelly, 
should be dissolved, when soluble, in sufficient water 
to make them thinly liquid. Foods containing insolu- 
ble matter, such as jam, marmalade, and sausage, may 
be macerated with water and strained through a piece 
of white cotton cloth. The maceration may be per- 
formed by rubbing in a teacup or other convenient ves- 
sel with a heavy spoon. 

Salicylic acid is used for preserving fruit products 
of all kinds, including beverages. It is frequently sold 
by drug stores as fruit acid. Preserving powders con- 
sisting entirely of salicylic acid are often carried from 
house to house by agents. It may be detected as fol- 
lows: 

Between 2 and 3 ounces of the liquid obtained from 
the fruit products, as described above, are placed in a 
narrow bottle holding 5 ounces, about a quarter of a 
teaspoonful of cream of tartar (or, better, a few drops 
of sulphuric acid) is added, the mixture shaken for 
two or three minutes, and filtered into a second small 
bottle. Three or four tablespoonfuls of chloroform are 
added to the clear liquid in the second bottle and the 
liquids mixed by a somewhat vigorous rotary motion, 
poured into an ordinary glass tumbler, and allowed 
to stand till the chloroform settles out in the bottom. 
Shaking is avoided, as it causes an emulsion which is 
difficult to break up. As much as possible of the chloro- 
form layer (which now contains the salicylic acid) Is 
removed (without any admixture of the aqueous 
liquid) by means of a medicine dropper and placed in 
a test tube or small bottle with about an equal amount 
of water and a small fragment—a little larger than a 
pinhead—of iron alum. The mixture is thoroughly 
shaken and allowed to stand till the chloroform again 
settles to the bottom. The presence of salicylic acid 
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is then indicated by the purple color of the upper layer 
of liquid. 
Detection of Benzoic Acid. 

Benzoic acid also is used for preserving fruit pro- 
ducts. Extract the sample with chloroform as in the 
case of salicylic acid; remove the chloroform layer and 
place it in a white saucer, or, better, in a plain glass 
sauce dish. Set a basin of water—as warm as the 
hand can bear—on the outside window ledge and place 
the dish containing the chloroform extract in it, clos+ 
ing the window until the chloroform has completely 
evaporated. In this manner the operation may be con- 
ducted with safety even by one who is not accustomed 
to handling chloroform. In warm weather the vessel 
of warm water may, of course, be omitted. Benzoic 
acid, if present in considerable amount, will now ap- 
pear in the dish in characteristic flat crystals. On 
warming the dish the unmistakable irritating odor of 
benzoic acid may be obtained. This method will detect 
benzoic acid in tomato catsup or other articles in 
which it is used in large quantities. It is not suffi- 
ciently delicate, however, for the smaller amount used 
with some articles, such as wine. It is often conven- 
ient to extract a larger quantity of the sample and 
divide the chloroform layer into two portions, testing 
one for salicylic acid and the other for benzoic acid. 


Detection of Boric Acid and Borax. 

Boric acid (also called boracic acid) and its com- 
pound with sodium (borax) are often used to preserve 
animal products, such as sausage, butter, and some- 
times milk. For the detection of boric acid and borax, 
solids should be macerated with a small amount of 
water and strained through a white cotton cloth. The 
liquid obtained by treating solids in this manner is 
clarified somewhat by thoroughly chilling and filtering 
through filter paper. 

In testing butter place a heaping teaspoonful of the 
sample in a teacup, add a couple of teaspoonfuls of 
hot water, and stand the cup in a vessel containing a 
little hot water until the butter is thoroughly melted. 
Mix the contents of the cup well by stirring with a 
teaspoon and set the cup with the spoon in it in a cold 
place until the butter is solid. The spoon with the 
butter (which adheres to it) is now removed from the 
cup and the turbid liquid remaining strained through 
a white cotton cloth, or better, through filter paper. 
The liquid will not all pass through the cloth or filter 
paper, but a sufficient amount for the test may be se- 
cured readily. 

In testing milk for boric acid 2 or 3 tablespoonfuls 
of milk are placed in a bottle with twice that amount 
of a solution of a teaspoonful of alum in a pint of 
water, shaken vigorously, and filtered through filter 
paper. Here again a clear or only slightly turbid liquid 
passes through the paper. 

About a teaspoonful of the liquid obtained by any 
one of the methods mentioned above is placed in any 
dish, not metal, and 5 drops of hydrochloric (muriatic) 
acid added. A strip of turmeric paper is now dipped 
into the liquid and then held in a warm place—near 
a stove or lamp—till dry. If boric acid or borax were 
present in the sample the turmeric paper becomes 
bright cherry red when dry. A drop of household am- 
monia changes the red color to dark green or greenish 
black. If too much hydrochloric acid is used the tur- 
meric paper may take on a brownish red color even 
in the absence of boric acid. In this case, however, 
ammonia changes the color to brown just as it does 
turmeric paper which has not been dipped into the 
acid solution. 

Detection of Formaldehyde. 

- Formaldehyde is rarely used with other foods than 
milk. The method for its detection in milk is given 
later. For its detection in other foods it is usually 
necessary to first separate it by distillation, a process 
which is scarcely available for the average person 
without laboratory training and special apparatus. For 
this reason no method is suggested here for the de- 
tection of formaldehyde in other foods than milk. 


Detection of Saccharin. 

Saccharin has a certain preservative power, but it is 
used not so much for this effect as because of the very 
sweet taste which it imparts. It is extracted by means 
of chloroform, as described under the detection of sali- 
eylic acid. In the case of solid and semi-solid foods, 
the sample must, of course, be prepared by extraction 
with water, as described under salicylic acid. The resi- 
due left after the evaporation of the chloroform, if a 
considerable amount of saccharin is present, has a 
distinctly sweet taste. 

The only other substance having a sweet taste which 
may be present in foods, i. e., sugar, is not soluble in 
chloroform, and therefore does not interfere with fhis 
reaction. Certain other bodies (tannins) which have 
an astringent taste are present, and as they are soluble 
in chloroform may sometimes mask the test for sac- 
charin, but with practice this difficulty is obviated. 

(To be continued.) 


According to the German Postverband the number 
of picture post cards sent in the different countries of 
the Postal Union in 1905 was as follows: Germany, 
1,061,000,000; America, 770,000,000; England, 613,600,- 
000; Japan, 487,000,000; Austria, 291,000,000; Britisi 
India, 254,000,000; Russia, 114,000,000; Belgium, 63,- 
000,000; Hungary, 88,000,000; France, 70,000,000; Italy, 
85,000,000; Low ‘Countries, 59,000,000; Switzerland, 
53,000,000; Sweden, 43,000,000; Spain, 13,000,000; 
Portugal, 11,000,000; Denmark, 6,000,000, and Norway, 
5,000,000. 
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[Continued from Surrtement No. 1685, page 25804. 
RESERVOIR, FOUNTAIN, AND STYLOGRAPHIC 
PENS.—VII.* 

By James P. Macinnis, A.M.\Inst.C.E., M.Inst.Mech.E. 
FOUNTAIN PENS. 

Tue feed bar, F. C. Brown, 1894 (10838), in Fig. 161 
carries the nib, N, between two tongues, and it extends 
rearward in the form of a rod, B, through the plug, P, 
which is screwed into the other end of the ink reser- 
voir, A. When the pen is out of use the nib is drawn 
into the nozzle of the reservoir by means of the sliding 
ring, R, attached to the rod, B. The cap, C, is then 
screwed on the front end forming an air-tight joint, 
and preventing leakage of ink when carried in the 


pocket. 
In Fig. 162, F. S. Cocker, 1894 (22469), shows an- 


BROWN 
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length, and the legs bowed apart as shown. Notches 
are provided at the end of each leg. The nib is held 
between the two legs. The grooves in the legs which 
originally formed the bore of the tube, ZH, serve to 
carry ink to the nib and air to the ink reservoir, as- 
sisted by the bright surface of the wire, H, running 
through the bore of the tube. 

A patent was granted in April, 1895, to J. Glass 
(7199), for a fountain penholder having a flexible rub- 
ber ink reservoir, terminating in a tubular glass ink 
feeder. By pressing the flexible reservoir on the sur- 
face visible through the opening in the outer protect- 
ing casing, ink is made to flow to the nib. 

The nozzle or point section, B, in Fig. 164, W. W. 
Stewart, 1895 (13566), is screwed into the ink barrel, 
or reservoir, A. The thickened end of a stopper bar, 

, FP, fits into the end of the nozzle eccentrically, leaving 


Fig. 161. - 
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Fig. 166. 
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other adaptation of the flexible reservoir to force the 
ink to the nib. It will be seen that the flexible tube, 
B, extends from the lower end of the ink reservoir, A, 
to the feed bar, a short portion of it projecting on the 
underside of the penholder. By pressing this portion, 
D, ink is expelled to the nib, N. When the pen is out 
of use, a cap is pushed over the nib and front end of 
the penholder, forcing a bent piece, C, upward, thus 
closing the ink outlet. 

As everyone knows, Fig. 163 is a drawing of the 
feed bar of the well-known “Swan” Fountain Pen (1895, 
4012, Mabie, Todd & Bard), patented ten years ago. A 
flexible tube, 2, is split for the greater portion of its 
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Fig. 173. 
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a crescent-shaped opening into which the nib, C, is 
inserted, and held firmly by the top feed bar, D. Ink 
flows down to the nib and through openings around it 
as shown. The stopper bar, F, is hollow and slit longi- 
tudinally to establish ink communication between the 
nib and the reservoir. The bore of the bar, 2, is partly 
filled by a wire, F, having a spherical knob on its outer 
end, by means of which the feed may be adjusted. 

In Fig. 165, H. Brams, 1896 (1029), the ink is con- 
tained in the flexible rubber bag or reservoir, 0, and 
supplied to the nib through the upturned opening, D. A 
metal case protects the reservoir, and has an opening 
at F, while a plate, 2, extends all along the parallel 
portion of 0, between it and the cover. The cap is 
formed with a blunt point which when inserted in the 
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hole, F, forces the plate, B, against the reservoir, ¢ 
thus compressing it. On its release a supply of ink 
may be drawn into the reservoir. 

This invention, I. Golwer, 1896 (2189) relates more 
particularly to the method of controlling the supply of 
ink to the nib. The ink is contained in the back part 
of the holder and passes forward through the tube. By 
depressing the rear end of a lever the valve is raised, 
and ink flows outward along the feeder to the nib. 

In another pen, C. J. Renz, 1896 (16733), ink is con. 
tained in a reservoir, having an air inlet at its upper 
end. The ink outlet is opened by pushing back the ink 
conducting piece, thus moving a valve from its seat, 
Ink then flows along a spiral groove to the neck, and 
thence along other grooves filling pockets, which are 
connected in pairs by holes, and it finally passes along 
the feeder to the nib. 

Fig. 166, W. Schlomberg, 1896 (25441), shows yet 
another piston-action pen. The reservoir is filled with 
ink by withdrawing the hollow tubular plunger, (, the 
point, G, having been immersed in ink. On covering 
the outlet, G, and opening the air inlet, J, the plunger 
may be pushed into the barrel, A. The ink guide, 
H is then replaced in the orifice, G, as shown, in such 
a position as to conduct the ink to the nib. 

The pen shown in Fig. 167 (29072, Heinzelmann and 
Schwarz, 1896) has a valve, V, of conical form and two 
or more channels for the ink, which may be partially or 
completely closed by screwing in the part, D, which 
is formed at its lower end to fit V. 

The specification of this inventor, E. Reisert, 1897 
(924), shows a variety of forms of feeding arrange. 
ments, from which I have selected as an illustration the 
one shown in Fig. 168. An intermediate chamber, A, 
formed of flexible rubber, is placed between the ink 
reservoir, J, and the nib, N. It is connected with the 
reservoir by a tube, Z, having a valve opening down- 
ward, and at the lower end it is connected with the 
nib by a tube, O, having an opening at its side which 
is normally closed by the spring valve, S, opening out- 
ward. In use the flexible chamber, A, is lightly pressed 
so that the valve, H, is closed and the valve, 8, is 
opened, thus forcing a supply of ink to the nib. On 
relieving the pressure the valve, S, automatically closes, 
and valve, EZ, opens admitting a fresh charge of ink to 
the chamber, A. 

Fig. 169 (Bryant & Townsend, 1897, 11516) is a 
self-filling pen, similar in some respects to others. 
When sufficient ink has been drawn into the reservoir 
by the withdrawal of the glass tubular plunger, D, it is 
allowed to flow into the hollow plunger, which is then 
pushed downward into the holder. The ink passages 
between the reservoir and the nib, C, are not shown, 
but I would call attention to the annular passage at the 
bottom of the reservoir being completely closed by the 
plunger, D, thus making the pen safe to carry in the 
pocket without fear of leakage, the plunger being 
firmly screwed down by means of the cap, K, to which 
it is secured. 

Another inventor essays to produce a piston pen (W. 
C. Sherman, 1897, 19760). The piston is operated by 
a sliding case connected to the piston-rod which is 
screwed into the plug at its upper end. 

In Fig. 170 (A. Oidtmann, 1897, 20199), the nib, C, 
is held in place by the elastic ball, F, which entirely 
closes the ink outlet when the nib is withdrawn. The 
nib is provided with grooves which conduct the ink 
to the point. 

Another pen, Sugden & Wild, 1897 (21948), is one in 
which the ink is forced to the nib as required. The 
screwed piston rod carries a pin which slides in a 
slot. By rotating one part on the plug, the piston is 
advanced, and forces ink through the feeder to the 
nib. 

Fig. 171 (W. T. Shaw, 1897, 25764) shows a pen in 
which the reservoir, A, is fitted with a screw plug or 
point section, C, into which is fitted a second plug, D, 
having an ink duct, J, and an air inlet, 2, between the 
points of which the nib is held. The rod, R, may be 
screwed down by means of the cap, K, so as to com- 
pletely close the ink passage. 

The drawing, Fig. 172 (G. H. Lock, 1898, 4491) is 
that of the feed point in section. The ink-holding tube, 
A, is closed by a disk having holes as shown. The 
plug, @, is provided with an air channel, J, and an ink 
duct, K. This plug can be rotated in the collar, F, so 
that the holes, by a hit and miss arrangement, become 
covered, thus either cutting off or allowing the flow of 
ink as desired. 

The ink reservoir in Fig. 173 (S. N. B. Westlake, 
1898, 7277) is closed at one end by a screw plug, and 
supplies ink to the nib, D, through the curved duct, C. 
The nib is held beneath the loose sleeve, E. The es 
sence of simplicity certainly, but probably its sim- 
plicity is fatal to its satisfactory working. 

This pen (Weeks & Morch, 1898, 12244), is designed 
so that the supply of ink to the nib can be cut off by 
rotating the head, thus raising the piston, and bring- 
ing the valve tight against its seat. Wires are attached 
to the nib, and extend slightly behind it, and by their 
vibration are intended to prevent clogging of the chan- 
nel with ink. 

(To be continued.) 


The manufacture of cement in the United States con- 
tinues to make remarkable progress. Whereas in 1890 
there were sixteen factories, producing annually 335,000 
barrels of Portland cement, there were, in 1905, eighty- 
two plants, with an estimated annual output of 31,000, 
000 barrels. The manufacture has increased about 2 
hundredfold in sixteen years, for in 1889 the total pro 
duction was 300,000 barrels. 
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THE UTILIZATION OF SOLAR HEAT FOR INDUS- 
TRIAL PURPOSES BY MEANS OF A NEW 
PLANE MIRROR REFLECTOR.* 


By CagL GUNTNER. 


Mr. M. A. Movucnor advises us, in the Comptes 
Rendus of the Parisian Academy of Sciences (Ixxxi, 
1871), concerning an apparatus constructed by him 
for the utilization of solar heat for practical indus- 
trial purposes. 

Essentially, this consists of the surface of a straight 
truncated cone, of which the generatrix is inclined 
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and, a8 a consequence, recommended cylindrical sur- 
faces, instead of conical, for the concentration of the 
sun’s rays. 

Imagine a sheet of polished tin in the form of a 
channel, but so bent that a perpendicular cross sec- 
tion of it will produce a parabola, then all the rays 
of the sun falling upon the inner surface parallel to 
the axis will be concentrated upon the focal line. 

In this case it is immaterial whether the focal line 
be perpendicular or oblique to the impinging rays, 
and hence only a simple single movement will be 
needed to cause this reflector to follow the sun. 
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serviceable for industrial purposes when it is pos 
sible to concentrate them at low cost and in immense 
quantities. 

The construction of a reflector which shall fulfill 
all these requirements, as also all the demands of 
practice, is then the indispensable prerequisite to the 
successful solution of the problem. 

The method of constructing a reflector which I pro- 
posed in 1864, and which was on view in 1873 at the 
Vienna Exposition in the pavilion for Austrian inven- 
tions, fulfilled for the most part these conditions; it 
possessed, however, the disadvantage common to all 
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45 deg. to the axis, and which carries a small cylindri- 
cal boiler which lies concentric with the axis of the 
cone. When in use the mouth of the cone is turned 
toward the sun in such a manner that its prolonged 
axis will strike the middle point of the sun, causing 
those sun’s rays, which fall into the funnel, to be 
reflected, by its polished surface, perpendicularly up- 
on the boiler. 

That Mr. Mouchot should have been able to generate 
sufficient steam with his conical reflector, which pos- 
sessed a heating or rather concentrating surface of 
four square meters, to run a smali model steam en- 
gine, is by no means a matter for surprise, for, with 
an ordinary tin funnel having an opening of only 16 
inches, 1 brought three ounces of cold water, contained 
in a one-inch tube situated upon the axis of the cone, 
to a violent boil in fifteen minutes. 

In spite of its apparently favorable operation the 
conical reflector is adapted for small heating effects 
only, for the practical application of solar heat de- 
mands not only the production of correspondingly 
high temperatures, which may be easily generated by 
burning-reflectors or burning-glasses, but also a con- 
stant delivery of considerable quantities of heat. 

Such a delivery of heat can be effected only by 
means of an enormous concentration of the sun’s rays,- 
for, according to Pouillet, the absolute amount of heat 
given off by a plane reflector upon which the rays fall 
perpendicularly is on the average only 3.4 calories per 
square foot per minute, while in the ordinary furnaces 
for industrial purposes from 4,000 to 100,000 calories 
are produced in the same unit of time. 

Let us suppose then that 50 per cent of the absolute 
heat can be made useful, which, considering the im- 
portant sources of loss that arise, such as faulty re- 
flection, absorption. radiation, and cooling, is a very 
favorable figure; in order to produce the heating ef- 
fect of 60 pounds of coal, we should be obliged to 
construct a conical reflector having a diameter of 100 
feet. 


More practical still would be a cylindrical surface 
with a cross section in the form of sectors of the 
circle. True, this would not concentrate all the rays 
upon a straight line, but with a correct choice of the 
radius in comparison with the subtending chord of 
the are of cross section this deviation would be of 
small importance, since the reflected rays must fall 
upon the surface of the tube to be heated, of which 
the axis coincides with the burning line and the diam- 
eter of the tube should not be less than 4 sec. to 5 
sec. 
During the sun’s motion, the burning line describes 


a cylindrical surface which lies concentric with the 
surface of the reflector; from this we see that chan- 
nels of circular-shaped cross section may be perman- 
ently fixed upon their base provided the tube to be 
heated be movable about the axis of these surfaces, a 
condition which greatly simplifies the construction of 
the apparatus, since the small boiler is much easier 
moved than the huge reflector. 

For details concerning the calculation relative to 
the effective work of such reflectors I beg to refer to 


sheet-metal reflectors, that to maintain the surface in 
proper condition when exposed to all sorts of weather 
requires careful and costly attention. 

Being convinced, however, that the exploitation of 
solar heat will come more and more into vogue, even 
in spite of the disadvantageous periodicity of this 
source of warmth, I have taken the trouble to put 
aside the evil mentioned above, and overcome it by 
an entirely new method of reflector constructioa. By 
the application of the recent and cheaper methods of 
manufacturing glass mirrors, I have succeeded in pro- 
ducing a plane mirror reflector which fulfills all re- 
quirements that can be made of such an apparatus and 
at the same time lies within practical limits. This 
plane reflector consists of a larger number of long, 
narrow mirrors placed at suitable distances from one 
another, and which, when upon level ground, lie paral- 
lel with each other horizontally, extending either from 
north to south or from east to west. 

Each one of these mirrors revolves about a hori- 
zontal axis, and by means of a simple parallelogram 
motion may be made to follow the sun in such a man- 
ner that all the sun’s rays falling upon the plane 
mirrors may be reflected upon the surface of a tube 
or boiler the long axis of which lies also in the plane 
of the mirror axis. 

Fig. I. shows the geometrical framework of such a 
mirror; only eight mirrors are provided, with a view 
to retaining the drawing within certain convenient 
limits. 

Fig. II. shows a plan view of the same wherein 
the length of the mirror is left unlimited, and for 
that reason both tube and mirrors are shown broken 
away. 

Figs. III. and IV. show the parallelogram motion 
in detail at about one-fifth of the natural size. 

Fig. V. finally shows the details of the sustaining 
frame for the mirror leaves. 

In Fig. I. a a, @.... are the mirror axes which 
must be considered as standing erect upon the surface 


The building of such a huge funnel of tin, with its 
enormous bearings and the heliostat mechanism, at 
all times necessary to keep it perpendicular to the sun, 
not to mention the necessary stiffening to enable it to 
Withstand wind and storm, would bring its initial 
cost so high that its application on a large scale 
would have to be abandoned. 

After my first experiments, and having made com- 
parative calculations of the cost of plant, relative to 
the results to be obtained, I recognized this at once 


* Translated for the SCIENTIFIC AMERICAN SUPPLEMENT fr »m vol, Ixxii, 
Of the Proceedings of the K. Akad, der Wissepech, 1, Ash, 


a small work of mine bearing the title “Ueber die 
Beniitzung der Sonnenwairme zu Heizeffekten,” pub- 
lished in Dingler’s polytechnishem Journal, vol. 173, 
page 418, 1864. 

By means of the experiments which I carried out 
with reflecting channels, both of circular and para- 
bolic form, at Laibach in 1854, and also through com- 
parative studies on the prime cost of various methods 
of constructing reflectors and from the coefficients, 
for the determination of the probable effectiveness of 
such reflectors, which I obtained, I have arrived at 
the conclusion that the sun’s rays may only be made 


of the paper. o is also the boiler axis, likewise per- 
pendicular. 

Now if we draw from the middle point o of the 
boiler o to a, a, . the radii qo a,0 a,0... . and 
extend these from a @ @.... to any desired and 
fixed distance a, b,=a, b,.... we shall get 
the points b, b, b, .... which are to be considered 
fixed points so long as the axis of the boiler o re- 
mains unchanged with regard to the axes @ @, @ .... 
of the mirrors. 

The light rays which are drawn through the points 
of the axes of the mirrors a, a, .,., form plane sur- 
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faces perpendicular to the surface of the drawing and 
cut it in parallel right lines. They are shown at 
a y (Fig. 1.) which gives their direction for a cer- 
tain position of the sun. Now if we draw through 
qq &&. parallels to a y, extending these lines 
the same distance from a, a a, making a, b, = 
a d, = a, d, = a, d, .... and complete the rhomboids 
Dy Cy dy, d,, a, d,, then will the diagonals 
of these rhomboids form the section of the normal 
plane of incidence with the surface of the drawing, 
while the radii ao ao ao . will form the sections 
of the plane of reflection, if we imagine mirror or 
reflecting surfaces, which are perpendicular to the 
diagonals, joined to the axes. Consequently, all sun's 
rays which fall upon these mirror planes must be 
thrown back upon the boiler and they will pass 
bundles of rays in the directions a4,0 @,0 ao ..... 

The concentration does not occur in a single straight 
line, but since the reflections from the mirror strips 
are thrown upon a narrow portion of the boiler o and 
cover each other at that point they will effect the 
greater elevation of the temperature according as the 
number of these reflecting surfaces is increased. 
Let us imagine the sides of the rhomboids stiff lines 
and the points b, c, d....hinge points and 
d, d, d, .... a rigid line joined at its center and d, 
with a, and a, by pivot joints. Then all the mirrors 
would assume the correct positions whenever the di- 
rection of a y corresponds with the position of the 
sun, viz., is perpendicular to the central point of the 
sun, provided at the same time we consider the di- 
agonals fixed at right angles to the mirror surfaces. 

Figs. Ill. and IV. show how these theoretical con- 
ditions may be practically carried out, thus furnishing 
the detailed construction of the rhomboid mechanism 
for the correct placing of the mirrors. The fixed 
points are determined as given above and a }B ¢, d 
is the first parallelogram, by means of which the 
motion will be transmitted to the others in the fol- 
lowing manner. From 4, a horizontal bar passes to 
y., and, for the fixing of the position it is joined at its 
center and d, with a, and a, as far as d,, Fig. 1. Situat- 
ed upon the bar, at distances corresponding exactly 
with the centers of the mirror axes, are the hinge points 
d,, d, .... and the links Cy d, ¢, d, .... com- 
plete each separate rhombus. 

The pillow block, L, Figs. Il. and IV., carries the 
fixed points Bb, Bb, Db and furnishes at the same 
time support for the bearings of the mirror axes. 
The pillow blocks are bolted to a beam which, in its 
turn, is made fast to a heavy stable frame p 

Upon the projecting ends of the mirror axes are 
placed rings or collars which are made fast to the 
mirror axes by setscrews. 

Connected with these rings are the directing links 
@&C, ..... These links are further provided 
with long slots in which pins, projecting from the 
hinge joints, work. 

These slots, and also the links in which they are, 
assume, at every change in the position of the rhombi, 
the direction of their respective diagonals, which, 
being permanently fixed to the mirror axes perpendicu- 
lar to the plane surface of the mirrors, thus also deter- 
mine the position of the mirrors, whenever the direct- 
ing bar a, y, is so thrown that its shadow falls upon 
the prolongation of said axes, or rather of the first 
axis, since there is but one actual directing bar, the 
others being wholly imaginary. 

The determination of the fixed points Dd, 
cannot be effected by a drawing on a large scale. They 
must be found by calculation, If then d represent 
the distance of any desired axis a, from a vertical 
plane through o. and h the height of the center o 
above the plane of the mirror axis and r the length 
of one side of the rhombus, we shall have or can con- 
struct the right-angled triangle z, y, a, b, shown at Fig. 
then will 

dr hr 
and y= 
Vi + VF +e 


The points b, b, Bb... . . would naturally lie in the 
conchoid, if the distances between the centers of all 
the mirror axes were the same. This is not the case 
in the accompanying sketch; these distances are rather 
chosen so that the impinging rays may be unobstruct- 
edly reflected upon the boiler. 

Should the distances between the mirror axes be 
the same, then, for a certain angle of incidence, a por- 
tion of the reflected rays would be caught up by the 
rear wall of the mirror next adjacent. 

Since, however, when carrying out the scheme upon 
a large or practical scale the equality of all dimen- 
sions of a similar nature presents obvious advantages, 
it is found more practical to space these axes at 
equal distances apart, but to make the distances some- 
what in excess of the width of the reflecting mirror. 

In Figs. V. and VI. we show the details of construc- 
tion of the carrying frame of the reflecting strips. m 
is a wooden strip 12.7 centimeters wide, 3 meters 
long, and 2.6 centimeters thick screwed to the board n 
to prevent shrinking. Between every two such sup- 
porting strips or ribs is provided a pivot, 2, cast to a 
plate which is screwed as shown to the rib, said pivot 
having its support in the fork bearing, g, which is 
carried by the frame, » Upon the upper surface of 
these ribs are placed strips of cloth upon which the 
mirrors are laid and fastened by means of spring 
clamps. 

All the mirrors of one or several reflectors may be 
served by one man, who has only to place the direct- 
ing lever in such a way that its shadow falls upon 
its own axis. Just how easy it will be to construct 


such a plane mirror reflector of large dimensions may 
be best set forth by a few words in which I shall 
sketch out the mounting. 

Blocks of selected stuff 2 x 4, having a length de- 
pending upon the number of mirror strips desired, 
are fastened to the heavy wooden frame arranged upon 
the ground so that they point east and west. Upon 
the first block is fixed the bearing for the parallelo- 
gram motion; upon all the others, a fork-bearing 
block is to be fixed, all arranged in rows running 
from north to south, having their axis centers in a 
direct line with the axis center of the directing bar 
bearing. This done, the bearing frame of the mirror 
will be laid in the extreme bearing and the mirror 
clamped on, and so with the next and the next until 
the mirror or reflector is complete. 

At the center of the frame, supports for the boiler 
must be erected. Upon their upper ends they carry 
semicircular bearings for the accommodation of the 
boiler. Now, after the mirrors and the boiler have 
been properly and securely mounted, the parallelo- 
gram mechanism may be adjusted to its bearings. 
whereupon the proper placing of the reflecting planes 
with regard to the slots in the guiding arms may be 
accomplished with the aid of any ordinary apparatus 
for measuring angles. 

Immediately to the rear of each bearing the axis 
of the mirror is provided with a detachable coupling 
whereby, by a simple movement of a hand lever, all 
the mirror axes may be simultaneously turned through 
an are of 180 deg., which means that all the mirrors may 
thus be made to look toward the ground, and be in 
this way protected from the destructive action of sud- 
den falls of hail. 

This is an important advantage of our reflector, 
which can only be fully appreciated when we con- 
sider the difficulties which must be overcome in other 
constructions before so great a surface can be pro- 
tected against a sudden hailstorm. Since the coup- 
ling, detaching mechanism, and adaptability to turn 
through 180 deg. offer nothing new in the way of 
construction, we have not found it necessary to supply 
the details of the same. 

Moreover, be it said that in this reflector the forked 
bearings, pivots, bearing frames, links, guide bars, 
supports, bolts, and mirror strips are interchangeable 
among themselves; the parts may therefore be so 
cheaply made that taking the present prices of ma- 
terial into consideration, such a mirror reflector may 
be built at the rate of 5 florins (about $2) per square 
yard of reflecting surface. 

Concerning the calculation for effectiveness, the 
following remarks may be permitted. Since the mir- 
rors do not lie in a position exactly perpendicular to 
the direction of the sun’s rays, and since in calculat- 
ing the effectiveness of a reflector only the perpen- 
dicular cross section of a bundle of rays which are re- 
flected upon the surface of the boiler may be con- 
sidered, it is above all else of prime necessity to estab- 
lish the effectiveness of a single mirror strip during 
a day, or a specified part of a day, of sunshine. 

Referring again to Fig. III., we see that mirror a, 
reflects all the rays which fall upon it upon the boiler 
in the direction a,0, and since in plane mirrors the 
reflected bundle of rays is not condensed, the perpen- 
dicular cross section of this bundle of rays may enter 
into the calculation. 

Let ¢ be the time elapsed since sunrise, and a the 
corresponding angle which the sun’s rays make with 
the horizontal plane during this elapsed time; thus 
ay, Fig. UL, the direction of the rays after the 
lapse of the time ¢, y, (gamma) the angle which the 
ray a,0 makes with the horizontals, f the width of 
the mirror a,, e the amount of useful heat dispensed 
per unit of surface per minute, W the effectiveness 
of the mirror within a certain period of time, and T 
the time from sunrise to noon. Provided with all the 
above elements, the mere mathematical working out 
of the problem is easy, so easy that we shall not 
transcribe it here. Nevertheless, though the determi- 
nation of the effectiveness of a single mirror be a 
matter of no great difficulty, the full effect of a com- 
bination of such mirrors presents several complica- 
tions which are harder to dispose of. It would be 
by no means correct to multiply the effectiveness of 
one mirror by the number of mirrors in use, for not 
only does the angle y (gamma) vary for each mirror, 
but no single mirror is constantly delivering its maxi- 
mum output, for the mirrors are for a part of the 
time in the shadow of those which immediately pre- 
cede them, and besides when the axes are equally 
spaced the back of one mirror obstructs some of the 
rays coming from that mirror next further from the 
sun. These theoretical speculations are, however, of 
little value, since they do not lead to any formule 
suitable for practical use. Let then the following 
simple formula suffice: W+—1.59 f T calories (see 
Dingler vol. 173, page 426). Here f is to be expressed 
in square feet and 7 in minutes. 

If 6.60 be substituted for its equivalent 7, then the 
daily effectiveness will be found with sufficient exact- 
ness to be W = 57.24 f. 

According to this, then,-a reflector presenting 1000 f° 
of surface would deliver as many calories as 4,400 
pounds of coal, in fact something in excess of this, be- 
cause the reflecting effect of glass mirrors is consider- 
ably greater than burnished tin or metal, for which 
the value e=—1.3, which I discovered, is used in the 
above calculations. 

The advantage to be obtained from the application 
of such a reflector depends chiefly upon the number 
of sunny days in the year, and though the field of ap- 
plication is considerably curtailed by virtue of the 
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insurmountable periodicity of sunshine and darknegs 
yet there are, especially in southern latitudes, ; ny 
forms of applying a reflector of this type from w? ich, 
and with a large measure of probability, success may 
confidently be expected. Among others it migh’ be 
used for irrigating purposes, for it is upon sunny 
and hot days that this is highly necessary. 

The boiler will furnish the steam for a pump which 
in its operation will lift the water from a lower 0 qa 
higher level. 

Since no intermediate machinery is required here, 
and, with the exception of the adjustable mirrors, al) 
else is permanently fixed, this reflector in com) ina- 
tion with an ordinary steam pump composes the «im. 
plest form of water lifter conceivable, a machine c:pa- 
ble at the same time of delivering water in large 
quantities. 

In Egypt, where the productiveness of the soil is so 
greatly enhanced by irrigation from the Nile, that the 
fellahin are forced to pay heavy taxes on their water 
wheels; where the sands of the desert often cover 
basins of subsurface water; and where these waters 
coming to the surface produce the rank vegetation of 
the oases; there, under the powerful rays of an almost 
equatorial sun, is where the establishment of water-|ift- 
ing reflector plants may be looked forward to with the 
greatest assurance of success; and since by the multi- 
plication of the number of the mirrors, the tempera- 
ture may be raised to almost any desired point, its 
application for many other purposes where heat is re- 
quired becomes possible. 

On many of the sugar plantations the sap is not 
completely expressed from the cane, in order that the 
latter may be used to feed the boilers, a necessity 
caused by the scarcity of fuel in the vicinity; here 
would be another favorable opportunity for the appli- 
cation of a reflector for heating purposes. 

In the manufacture of sea salt, in the salt gardens 
the salt is profusely mixed with earth. Were a re- 
flector used for driving off the water in a boiler or 
huge vat, the salt from the sea water would be ob- 
tained perfectly white and clean; moreover, by utiliz- 
ing every sunshiny hour the production of salt would 
be greatly increased. 

Redtenbacher, in his works on machinery, says: 
“The solar heat is the motive force for all organic life. 
What water and steam power are to the economy of 
industry, the warmth of the sun is to the plant world. 
But this beneficent heat is not for our industrial being 
because we have no means at hand for concentrating 
considerable quantities of the warmth given off by 
the sun within a small compass.” 

In my plane-mirror reflector I believe I have discov- 
ered the means, and permit myself accordingly to 
recommend it to the consideration of the Academy of 
Sciences. 

APPENDIX. 


Concerning the Application of Solar Heat to Practical 
Uses. 


According to the pyrheliometric measurements of 
Althaus and Pouillet (see Poggendorff’s Annalen, vol. 
xlv., pages 25 and 481) a surface a foot square will 
receive 3.4 calories of heat per minute if it be placed 
perpendicular to the rays of the sun. The heat which 
reaches the earth from the sun daily could accordingly 
raise 10 billion cubic meters of water from 0 deg. C. 
into steam at 100 deg. C., producing thus the heating 
effectiveness of five billion hundredweight of coal. 

Allowing 7 pounds of coal per horse-power hour, and 
taking into consideration that our steam engines only 
deliver 1-22 of the effective force of the heat generated. 
then the total effective energy of the solar heat per 
second will amount to 66 billion horse-power. 

Disregarding the fact that these figures present us 
with a picture of the gigantic mechanical energy 
delivered by the sun’s warmth, they also lead up to 
the thought that as much as possible of such energy 
should be made serviceable for industrial purposes. 

True, the variability of sunshine is a very important 
disadvantage; but so is the power of the wind vari- 
able, and yet we have harnessed it to our mills and 
made it serve our purposes in many ways. 

Bear in mind that in the southern portions of the 
temperate zone and in the tropical regions, the seasons 
of rain and sunshine relieve each other with remark- 
able regularity; remember further that, by concentrat- 
ing the solar rays, considerable degrees of heat may 
be produced; and moreover, that, according to the data 
furnished above, it requires but 200 square feet of 
surface to generate steam sufficient for one horse 
power. With this in view, then, it may not be unin- 
teresting to bring under closer consideration ‘the 
query how best to exploit this source of heat. 

First of all, the practical application of the solar 
heat requires a suitable apparatus, one which will 
effect the concentration of the sun’s rays in enormous 
quantities, and be at the same time easily construcied 
on a large seale. It is apparent that the burning mir- 
rors and lenses which have hitherto been used in 
school experiments are of no value for the purpose. 
The inner surface of a straight cone or funnel would 
serve much better, because it deflects all the rays 
which fall upon it, parallel with its axis, into the axis 
itself. 

If we place, for instance, in the axis of a conical 
funnel of burnished tin a tube, fill it with water, a 
hold the opening of the funnel toward the sun so that 
the tube cast no shadow, the water will begin to boil 
violently in from six to ten minutes, provided the base 
of the funnel measures 16 inches and the tube is of 
1 inch diameter, containing about 6 ounces of wa'er 
at 14 deg. C. There are no special difficulties in ‘ue 
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way of increasing the mouth of the funnel to any de- 


sired dismeter, for tin funnels with an opening from 
10 to 12 feet are surely much easier made than a 
spherics! burning mirror of like diameter; but, since 


,eflector must correspond always with the posi- 


such 
tion of ‘he sun, that is, constantly retain its axis 
paralle! with the incidental rays, and to impart this 


motion ‘o it requires a complicated heliostatic me- 
chanis! it becomes evident that only under most 
. conditions would such a conical reflector be 


avo! 

seen e. With the cone thus eliminated the choice 
remai only between the parabola or the ordinary 
eylind:'cal surface. The former concentrates all rays 
which .ll upon it parallel with the plane of its axes, 
dire ind exactly upon the axes. In this case it is 
jimm ial whether the sun’s rays lie perpendicular 
or ol que to the axis of the reflector, and for this 
reas: in the application of a refiector of this kind, 
only very simple motion would be required to cause 
the 1 decting surface to continually correspond with 
the position of the sun. 

For example, if the burning axis should be directed 
nort!) «nd south, only an east and west motion would 
be revuired; but if the burning axis be situated hori- 
zontiily in the direction east and west, and the plane 
of the axis be vertical, only a motion about its vertical 


axis would be needed. 
In the region of the equator, if the position of the 


reflecior be such as last described, there will be no 
need for any mechanical movement of the reflecting 
surface, because the plane of the reflector’s axis coin- 


cides with the plane of the sun’s path. 
If a tube or boiler be placed in the burning axis of, 


and permanently fixed to the surface of such a shell of 
parabolic cross section, then the rays of the sun will 
be concentrated upon the surface of the tube, and, pro- 
vided the tube or boiler has been filled with the proper 
material, effective heating of the contents will result. 
In order to attain a certain degree of temperature, 


the ratio of the diameter of the boiler to that of the 
reflector must be carefully considered. If we make 
the accumulation of the temperature upon the surface 
of the boiler proportional to the degree of concen- 
tration of the solar rays, then the temperature of the 
boiler may be expressed by the equation 7°——.t 
s 
where s represents the width of the reflecting sur- 
face, | the length of the arc upon which the rays are 
to be concentrated, and ¢ the temperature indicated by 
a thermometer exposed to the sun at the time. 
We have showr that with a tube of from 3 inches 
to 4 inches and a reflecting gutter about 3 feet wide 
we can boil water. In this case, then, the temperature 
must be above 100 deg. C. 
By means of several such refiectors arranged in 
parallel the concentrating surface could be increased 
at will; but we have also pointed out that only in 
the vicinity of the equator could reflectors of this de- 
scription be permanently fixed. For all other points 
upon the earth a steady motion of the reflector would 
be necessary, and this would require a very costly 
mechanism. There remains, then, only the ordinary 
cylindrical surface; it is indisputably the best for the 
purpose, particularly since it permits of a fixed posi- 
tion and may be carried out even on a large scale at a 
comparatively low cost. 
Imagine such a shell of circular cross section so 
placed upon the ground that its hollow surface be 
turned toward the sun, lay out a plane through the 
middle point of the sun and the axis of the cylindrical 
reflector, then will all the rays falling parallel with 
this plane be concentrated upon a straight line which 
lies in the plane of the axis and parallel with the 
surface of the cylinder. The distance of this focal line 
R 

is, as we know, — when R is the radius of the cylin- 

drical surface. 

During the progress of the sun, the focal line de- 
scribes a cylindrical surface having a diameter equal 

R 
to —, and hence the sun’s rays will be constantly re- 
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flected upon a tube, whenever such a tube shall be set 
in motion in such a manner that its axis always coin- 
cides with the focal line. 

We have determined then that gutter reflectors of 
circular cross section may be permanently fixed when- 
€ver the heated tube is movable. 

If the axes lie in the direction of east and west, the 
hecessary circular movement of the heated tube will, 
in general, be very slight; it develops into a slow 
oscillation about the axis of the reflector, and may be 
mechanically accomplished with ease. 

It is searcely necessary to remark that these re- 
flectors do not throw back all the rays exactly upon 
the axis of the shell; nevertheless, when the radius 
R and the diameter d of the boiler, and the width s 
of the shell are correctly selected, the variation which 
arises may be neglected, being too small for serious 
consideration. For example, then, with R—5 feet, 
S=5 feet, and d= 4 inches, even the extreme rays 
will be concentrated upon the surface of the boiler. 

Now that the cylindrical reflectors may be securely 
and immovably fixed upon the ground, it becomes 
hecessary to provide its surface with a sufficient de- 
gree of stiffness to prevent any alteration in its shape. 

In my opinion a very cheap method of producing re- 
flectors of this sort would be as follows: Run sheets 
of thin steel through a pair of rollers. Upon one of 
the rollers provide semi-circular ribs, upon the other 
Cause hollows of like size and shape to be cut, into 


which the ribs fit nicely and run truly. When the 
plate emerges from between the rollers, it will not 
only have attained a semi-cylindrical form, but it will 
be in a manner corrugated. It is not necessary to 
have the corrugations very close together. 

Run lead in the hollows on the concave side of the 
reflector, smooth off evenly, and give the whole a good 
coating of tin; the back may be covered with any good 
preservative against oxidation. In this way, provided 
the necessary machinery is at hand, reflecting sur- 
faces measuring six feet across and of a like length 
may be constructed at a moderate cost. If thin metal 
be selected, a reflecting surface 6 feet square should 
weigh scarcely more than 30 pounds, and ought to cost 
but about 5 florins ($2). By piecing the sheets to- 
together nicely, the size of the reflector could be in- 
creased indefinitely. If the shapes of these gutters 
are maintained exactly alike, the -movement of the 
tubes to be heated will be regular; and if water only 
is to be turned into steam, the tubes may be joined at 
the top and bottom by a pair of parallel headers. The 
whole system of pipes may then be suspended from 
fixed points which lie in the plane of the cylinder 
axes or carried upon supports provided with rolls. 
I do not purpose to give a detailed description of the 
boiler or its mounting here, for the sole object of this 
article is to show the possibility of concentrating huge 
masses of the sun’s rays upon a certain point and 
doing it easily and at a low cost. 

Having the reflectors, we must now determine the 
effective heating force. First of all, then, we must 
remember that during a day of sunshine the reflecting 
surface, horizontally placed, is reached by the rays 
under varying angles, and the mass of rays falling upon 
the reflector is accordingly variable; this mass may, 
however, be taken as proportional to the perpendicu- 
lar cross section of that bundle of rays which is 
caught at any specified instant by the reflecting sur- 
face. I shall call this cross section the catching 
surface. 

Furthermore, the effect of heat upon a surface per- 
pendicular to the incident rays is by no means con- 
stant; according to Pouillet, it changes with the thick- 
ness of the stratum of air through which it passes. 
Since, meanwhile, the law for this dependence is not 
yet completely determined, and since moreover other 
accidental influences modify this effectiveness, we 
shall base the following calculation for effective work 
solely upon the mean value of the heating power of a 
surface upon which the rays fall perpendicularly. 
Now let e represent the average number of heat units 
which may be made available from a unit of surface 
shone upon perpendicularly during a unit of time, ind 
ab the cross section of a horizontal reflector of the 
size f. 

During ¢ units of time after sunrise the rays will 
fall upon this surface at an angle expressed by a, and 
the time from sunrise to midday will be represented 
by T. 

Under the angle of incidence, a, the catching surface 
will be equal to f sin a; and since the catching sur- 
face may be considered invariable for the infinitely 
small space of time dt, we may express the working 
effect during this infinitely small lapse of time by the 
equation: 

adw=ef.sina. dt. (1) 


But we found above, 


t a 2 
—=— or t=—.T.a. 
Wherefore, 


dt=——.T.da. (2) 


Now substitute for dt in equation (1) its value in 
equation (2) and we shall have: 


2 
adw——.efT.sina. da, (3) 
If this latter equation be integrated within the lim- 
its a and # we shall then obtain 


2 
w=—¢T.f sina.da= 
4 a 


67 (— cos —(— 008 «) = 


2 
— ef T (cos a— cos 8) (4) 
When a=0 and 8=90 we shall get 
2 
wWw=—efT. 
a 


Now if the mirror be not exposed under the equator, 
but rather under some geographical parallel § deg., 
then the highest point of the sun during the day will 
be 90 deg. to 8 deg., and the equation must be solved 
between the limits a= 0 deg. and a= 90 — 8 deg. 


2 
In the expression W—=—efT (cos a—cosf) the 
true value of e must be found by trial. 

Pouillet found for the latitude of Vienna that e 
would average 3.4 calories per square foot per minute, 
but this means the total output of a unit of surface; 
this value cannot, however, be used as a basis for any 
calculation of work where such important sources of 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1586. 25411 


loss are present. Such losses arise from imperfect 
reflection, incomplete absorption, radiation of heat, 
and the eooling of the heated surface by the cooler air 
circulating about it. Some of these losses may be in 
a way minimized, but they can never be entirely obvi- 
ated. Hence it is necessary to discover that value of e 
which affords the unit of heat that can be made avail- 
able for effective service from a square foot of catch- 
ing surface per minute. 

Being deprived of the experience of any former ex- 
perimenter in this direction, I myself made appropri- 
ate trials with refiectors of similar construction but 
of much smaller dimensions. In order to avoid any 
misrepresentation concerning the exactitude in the 
construction of the reflector I employed, I shall give 
here a detailed description of it. 

The two opposite sides, each 3 feet long, of a wooden 
right-angular frame, having a width of 1 foot and a 
length of 3 feet, were hollowed out to correspond with 
a previously designed parabolic template, and upon 
the parabolic curve thus established two cheets of 
white tin were nailed. Four supports, which were 
fastened to the sides of the frame, carried a 34-inch 
tube erected in such a manner that its axis coincided 
with the burning axis of the reflector. This tube was 
closed at both ends, painted black on the outside and 
furnished with a blow-off pipe. During the experi- 
ments the surface of the reflector was continuously 
held toward the sun, so that the axis of the shadow 
of the tube coincided perfectly with the vertical line 
of the refiecting surface while the plane of the retain- 
ing frame remained perpendicular to the sun’s rays. 
The catching surface presented a superficial area 
equal to 3 square feet. 

A strip of paper held in the axis plane near the tube 
was iajensely illuminated in places, which disclosed 
the fact that the concentration was far from com- 
plete—indeed, tolerably imperfect. 

A more careful reconstruction was purposely omit- 
ted, in order that the results of this test might not 
turn out more favorable than could be expected from 
a similar construction on a larger scale; for the same 
reason also was the tin only cleansed from dust and 
dirt, all efforts at a high polish being neglected. . 

Both before and after each experiment the water in 
the boiler was weighed, and the time of the boiling 
was only taken when the blow-off pipe emitted streams 
of steam with considerable force. 

The following small table gives the average results 
of a number of tests which I conducted with this re- 
flector during the months of August and September: 


a ce se | eee 
| SES | SSE | Conditionof the 
=} 6 S Slag = 
~|* 
9-10 16 115°C.) 19 60 6.6 | Very clear. 
- 120°C.) 35 60 6. Clear. 
2-3 120°C] 34 60 6.8 Clear but humid. 
10-12 16 12.0° C, 19 120 13. Cloudy. 


From these experiments it has been deduced that 
the amount of heat given off per square foot per min- 
ute is about equal to 1.3 calories. 

In his calculations Pouillet made it 3.4, and accord- 
ing to him the efficient energy in the evaporation of 
water was about 38 per cent. 

For our zone, then, the mean value of e may be set 
down as 1.3. 

The effect then of a reflecting surface equal to f in 
twelve hours would be as follows: 


2.6 
w——.2T.f (cosa—cos8). 
a=0Oand 6 = 90 deg. 
5.0 
w= .27f=1.59 f T calories, 
3.14 


in which equations f is expressed in square feet and 
T in minutes. 

A reflector presenting 1,000 square feet of surface 
would deliver in twelve hours an amount of energy 
expressed by the equation 

W= 1.59. 1000 . 36. 6 . 60 = 20,606,400 calories, or an 
effective force equal to that generated by the consump- 
tion of 44 hundredweight of hard coal. 

Let us suppose such a reflector in use in the tropics, 
and that there be a total of two hundred sunny days 
in the year, the annual energy would therefore be 
equal to 8,800 hundredweight of coal. Accepting the 
initial cost to be in the neighborhood of 5 florins ($2) 
per square yard, and add to this 5 per cent for inter- 
est on the capital invested, the heating effect of a hun- 
dredweight of coal would come to about 8.8 kreutzers, 
or a fraction over two cents. 

In a general way it is not easy to determine offhand 
whether the application of such a reflector, from an 
economical viewpoint, would be advantageous or not; 
for the prime cost of the apparatus, its transportation 
to the seat of its usefulness, the number of bright 
days, the local price of fuel, and other local conditions 
are. all determining factors. 

The use of such heat generators would naturally 
first be considered in southern latitudes, and particu- 
larly where the periodical working of the same would 
have no deleterious effect upon the desired end. 

Thus reflectors of this kind, set up in Egypt, to be 
nsed for lifting the waters of the Nile to higher planes 
for the purposes of irrigation, would find special 
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adaptability; with their boilers they would generate 
the steam necessary for the supply of a steam engine, 
and the sun which had scorched the soil of Africa 
would thus be compelled to moisten it again. 

Would not such reflectors be entirely practicable for 
the operation of periodically working steam boilers 
in tropical climes? And might they not be advan- 
tageously employed in individual cases, even in the 
temperate zones, for irrigating or evaporating pur- 
poses? 

The fullest conviction that occasions will arise, 
more particularly in southern sections, where the 
above-described employment of solar rays may become 
of undoubted value, impels me to publish my thoughts 
concerning the practical application of solar heat, as 
well as the few experiments I have undertaken in this 
interest. The consumption of our fuel supply is daily 
on the increase, and with tireless industry we bore 
into the bowels of the earth at the risk of life and 
imp to bring forth the precious coal. Hence it may 
not be considered superfluous to cast an inquiring eye 
upon the prime source of all our life-giving warmth, 
the sun. 


A NEW DEVICE FOR THE MAKING OF CURVED 
STEREOTYPE PRINTING PLATES 
FOR NEWSPAPERS.* 

Tue production of the modern newspaper is de 
pendent upon three mechanical processes—the setting 
of type, which until the advent of the typesetting ma- 
chine in 1888 was done by hand; the reproduction of 
the flat type-page, or form as it is called, in many sem!- 
cylindrical printing plates, so that many presses may 
simultaneously be set to work—a process practised by 
hand until in 1900 Henry A. Wise Wood set up in the 
office of the New York Herald his stereotyping machine, 
the autoplate; and, finally, the printing of the paper 
itself. 

The three operations are essential to the making of 
all but the smallest newspapers. The type-page must 
be set, and many reproductions of it must quickly be 
made. Impatiently waiting printing rooms containing 
from two to twenty presses must be supplied with 
from.four to forty reproductions of every page, and 
huge printing machines with their intricate folding 
mechanisms must be set to reeling off their twenty- 
four to ninety-six thousand papers an hour. 

To one unfamiliar with newspaper work the word 
haste has no significance. Even the engine-driver 
straining to make up schedule is a leisurely person 
when compared with a night editor, a compositor, a 
stereotyper, or a pressman during those tense and 
awful moments of “going to press." When the copy 
for the last item of news is thrust into the compositor’s 
hand, an electric thrill runs through the establish- 
ment. “Click, click,” and it is in type. “Drop her 
in!” says the “make-up man.” “Lock her up!” cries 
the “stoneman;’ and, with a shout of “Starter!” the 
page is hurried to the stereotyper, who flings upon it a 
thick pad of paste-soaked paper and a blanket and 
shoots it under a molding roller and into a steam oven 
to bake the soft paper mold into an intaglio represen- 
tation of the type. This done, out comes the form, off 
comes the blanket, and the mold, now called a matrix, 
hard as a board though brittle as glass, is tossed with 
the magic cry of “Starter!” into the casting room. 
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final cry of “Starter!” where, in an instant, clamped 
to the cylinders of many presses, they are making two 
hundred revolutions a minute. 

“Going to press” being thus understood, the impor- 
tance of the work of stereotyping at once becomes ap- 
parent. Without it the modern paper could not exist, 
for to use more than a single printing machine would 
then be impossible. The utility of the stereotyper’s 
art will be better understood when it is known that 
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means of it accomplished with but a few men what 
theretofore had required many men and over fourfold 
the expenditure of time. 

So instant was the success of this revolutionary mga. 
chine, that the New York Herald, the New York World, 
the New York Times, the New York Sun, the Chicago 
Tribune, the Chicago Daily News, the Boston Globe, 
the Brooklyn Eagle, and other large metropolitan news. 
papers throughout the United States at once abandoned 


A PLATE HAVING BEEN CAST, SAWED, TRIMMED AND DELIVERED AS 
SHOWN, THE CHAMBER MAY BE AGAIN CLOSED AND ANOTHER CAST MADE. 


during the hours of a Saturday night, for a single 
edition of the New York Herald, 2,200 or more printing 
plates, weighing in all well over 110,000 pounds, are 
made; while at times the New York World’s presses 
before all may be started require some fifty-four plates 
to be made of each page. 

When it is considered that plates such as these must 
be absolutely perfect in printing surface, so that every 
type or line of an illustration shall appear, and be ab- 
solutely uniform in thickness; and that notwithstand- 
ing their accuracy all these plates must be made “on 
the jump,” as the stereotyper has it, the severe de- 
mand upon men and mechanism is obvious. 

Until the year 1900 stereotyping was exclusively a 
manually-worked art; from the making of the papier- 
maché mold to the last chisel stroke of dressing a 
plate every operation of casting, sawing, smoothing 


the making of plates by hand and adopted the auto- 
plate, with a saving to themselves of valuable time, 
and, in some cases, of as much as $30,000 a year in 
operating expenses. 

Although the autoplate has now revolutionized the 
work of stereotyping in the offices of the larger news- 
papers, nevertheless, by reason of the fact that its 
first cost is large, being $25,000, and its mechanism 
more or less intricate, only the dailies of the larger 
cities, with their great volumes of product and their 
highly-skilled men, have been able to avail themselves 
of it. This worked against the smaller papers to such 
an extent that Mr. Wood found it necessary to develop 
upon the same lines a simpler and less costly machine, 
for the use of offices where fewer plates are required 
and whose men are not all thoroughly trained, and this 
he has succeeded in doing in what he has called the 


BY A SINGLE STROKE OF PUMP LEVER SUFFICIENT THE WORKMAN SLIPS THE PAPER MATRIX INTO THE 


METAL IS FORCED INTO THE MACHINE TO MAKE 


A PRINTING PLATE. 


Here it is caught and thrust into a waiting autoplate, 
and that automatic machine casts from it at the rate 
of four a minute semi-cylindrical page-sized printing 
plates, weighing fifty pounds or more apiece. Then 
by means of knives, saws, and a variety of other de 
vices it dresses them up and fires them out to a man 
in waiting, who hurries them to the pressroom with a 
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out, and finishing was performed by hand or by primi- 
tive hand-worked devices. Therefore to practise news- 
paper stereotyping required great physical strength, 
unusual endurance; and, because of the fumes and ex- 
cessive temperatures encountered, the ability to labor 
under conditions of extreme hardship was a prime 
requisite. 

Such was the condition of the art when in May, 
1900, Mr, Wood set his first autoplate to work, and by 


CASTING CHAMBER, AND CLOSES IT BY THE 


LEVER SHOWN. 


Junior autoplate, which for the first time was ex- 
hibited during the convention of the American News- 
paper Publishers’ Association, held at New York in 
February last. 

The autoplate itself, a description of which will aid 
in understanding the other machine, consists of % 
horizontally disposed semi-cylindrical casting chamber, 
made up of a cylindrical core and a crescent-shaped 
back, the space between the two when brought to- 
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ther in a “closed” position being one-half inch, which 
is the thickness of a printing plate, and covering an 
area equal to the length and breadth of a newspaper 
page. At one of the straight sides of this aperture is 
arranged a nozzle, which connects by means of a throat 
with a pump immersed in a pot containing about 12,000 
pounds of stereotype metal. The back of the casting 
chamber, which is arranged to rise and fall, in its 
lower position is far enough away from the core to 


unskilled men, but it will suffice to say that the Junior 
autoplate is substantially “fool-proof,” as was evi 
denced at the convention, when a number of news- 
paper men endeavored in different ways but without 
success to put it out of order. 

Junior autoplates have been purchased by the Brook- 
lyn Daily Eagle, the New York Evening Post, the Buf- 
falo Evening News, the Boston Traveller, the Boston 
Daily Globe, the Philadelphia Inquirer, the Philadel- 


THE NEW CONVERTIBLE CAR. 


permit of the insertion of the papier-maché mold. A 
description of the operation of the machine will per- 
haps sufficiently describe its mechanism. The mold 
having been set in place, a lever starts the apparatus 
to work and the back rises, bringing the mold into 
position with respect to the core, when the pump in- 
jects the necessary amount of metal, which is in the 
neighborhood of fifty pounds. The pump pressure is 
continued for ten seconds, during which the cooling of 
the cast is effected by means of a spray playing within 
the shell of the core and a circulation of water within 
the back. The cast having solidified, the back drops 
away and carries with it the matrix, which by means 
of this motion is stripped from the printing surface of 
the plate, that is left adhering to the underside of the 
core. The core then makes half a revolution and brings 
the printing plate uppermost, while the back again 
closes upon the underside of the core, and another 
plate is made. Carrying mechanisms meanwhile re- 
move the first plate from above the core and thrust it, 
convex side uppermost, through a series of finishing 
devices which remove its riser, trim up its straight 
edges, smooth out its under or inner surface, and prep- 
erly bevel it for the press clamps. The work is so per- 
fectly done that nothing but the type surface of the 
plate remains high enough to print, and it has been 
brought to an exact thickness, so that it will properly 
fit a printing cylinder. 

Thus, by means of this machine and three men, 
printing plates may be made at the rate of four or five 
a minute, whereas before its introduction from eight- 
een to twenty men were required for the same work, 
and but one plate a minute of each page was obtain- 
able. 

In his latest invention, the Junior autoplate, Mr. 
Wood has employed the rotating core and the recipro- 
cating back of his larger machine, but has stood the 
casting parts on end, so that the axis of the cylinder 
is vertical, and the casting chamber is filled, as the 
illustrations will show, by a hand pump, which with 
one stroke delivers sufficient metal for a plate. In 
this device the casting chamber is closed and opened 
by means of a hand lever, but the mold as in the auto- 
plate is mechanically stripped from one cast and re- 
positioned for a succeeding one. 

In working the Junior, the operator having closed 
the chamber and filled it with metal must await the 
cooling of the cast, and here, in order that the work- 
man may know precisely when to remove it, Mr. Wood 
assists him with a mechanism which, once set for the 
time necessary for cooling, will always strike a gong 
when the specified time has elapsed. Then the op- 
erator quickly opens the casting chamber, sets a clutch 
which starts the cylindrical core, driven by power, to 
make half a revolution, and the cast is delivered from 
the chamber, while, during the turning operation, two 
Saws having been brought into play, one separates the 
cast plate from its riser and the other makes a bevel 
upon its lower end. 

When the cylinder comes to rest, the chamber is 
again closed and the operator pours his metal for a 
Succeeding cast, but in its closing the back of the 
chamber thrusts the plate and its riser away from the 
cylinder, so that, while waiting for the next bell, the 
operator may remove the plate, drop it into a smooth- 
ing device which completes all of the operations neces- 
Sary for finishing, and may lift off the riser to toss it 
back into the metal pot. 

By means of this simple apparatus, which is semi- 
automatic but so organized that it requires little in- 
telligence upon the part of those who run it, three 
plates a minute may easily be produced by two men. 
Thus it will be seen that Mr. Wood has gone still fur- 
ther in the direction of saving labor in stereotyping, 
and seems now to have completed the revolution in 
— stereotyping which he began with the auto- 

ate. 

Space does not permit us to describe in detail the 
ingenious safety system which Mr. Wood has employed 
to prevent mishaps to its mechanism when handled by 


phia Bulletin, the Milwaukee Journal, the Minneapolis 
Journal, and many other papers. 


NEW SEATING ARRANGEMENT FOR STREET 
CARS.* 
By Georce J. JONES. 


AN innovation in the equipment of street railway 
cars has been recently turned out by the J. G. Brill 
Company, of Philadelphia, Pa., which is shown in the 
accompanying cuts. It was originally designed to 
meet the exigencies of the service in the Philippine 
Islands, where the first cars of this character were 
shipped and are now in operation. The new idea has 
been found to be such an excellent one that it is prob- 
able that cars of this description will soon be seen 
in the cities of this country. The rolling stock is of 
the convertible type, and when the sides are clesed, 
as in cold or rainy weather, it is essential that there 
should be an aisle down the center of the vehicle so 
that passengers may make their way to and from the 
seats. In the warm weather, when the sides of these 
cars are disposed of by raising into pockets in the 
framework of the roof, the presence of the aisle is un- 
necessary and it is desirable that it should be given 
over to the accommodation of passengers. For this 
purpose a “filler seat” has been designed which is 
hung in the passageway between the two side seats. 
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compartments. The social conditions existing in the 
Philippines render this necessary. The dividing par- 
tition is of fine wire, which accomplishes the purpose 
as well as anything else and permits the conductor to 
have a survey of the interior at all times. 


CONCRETE MIXING MACHINERY. 
By WILLIAM L, LARKIN. 


Tue mixing of concrete by means of machinery is of 
recent date. The first machine which suggested itself 
to contractors was the old style “roller and pan” mill 
used in grinding clay. Robert Hunt, in his “Diction- 
ary of Arts, Manufactures, and Mines,” of 1875, speaks 
of mixing concrete both by hand and by machine. 
He says that the best mode of mixing is to take burnt 
limestone with ballast (i. e., gravel) in a dry state 
and after adding sufficient water turn with shovels 
and wheel away. He states that in placing concrete 
in the forms it should be given a fall of some yards 
to drive the particles closer together and give the whole 
a greater solidity. In this way he—curiously enough 
—touches upon one of the principles that are strongly 
advocated by some makers of concrete-mixing machin- 
ery at the present time, that is, a violent mixing of the 
aggregates and cement. He goes on and says that in 
some cases it has been found advantageous to mix the 
ingredients in a “pug” mill, probably meaning the old 
style of pug mill used in brick-making establishments, 
in which there were blades intended to mix, and also 
to break up large lumps of clay. Knight’s “American 
Dictionary” of 1882 speaks of concrete mixing in a 
pug mill. John Newman, in his “Notes on Concrete” 
of 1887, speaks of an apparatus at Newhaven, England, 
capable of automatically measuring, mixing, and de- 
livering 70 yards of mixed concrete per hour. He also 
speaks of the pan and roller mill like that used for 
grinding clay, and suggests that a “trough paddle 
mixer” or “pug mill,” preferably such as cost £35, 
mixes from 8 to 10 yards per hour. 

W. M. Patten’s “Treatise on Engineering,” of 1895, 
speaks of a “cubical box” and a “trough” mixer as be- 
ing the most common, as they were at that time. 

Since 1875 the making of concrete mixing machinery 
has had a rapid growth. Contractors soon found that 
the “Cube” mixer was not convenient enough, and 
that the “trough’ mixer was neither good enough nor 
durable enough. Like all new fields of effort it was 
soon overrun, and to-day there are many makers of 
concrete mixing machinery and many different kinds 
of machines. The principle on which concrete ma- 
chinery is built may be outlined briefly here. In the 
first place, it is desired to turn the material as many 
times as possible in a given period; secondly, it is 
most important that the material be thrown from side 
to side so that the resulting mixture may be perfectly 
homogeneous. To enlarge upon this point, which is 
one of the most important ones, imagine for a moment 
the conditions which actually pertain on a job where 
the concrete mixer is in use. The stone and sand are 


INTERIOR OF CAR WITH AISLE SEATS IN POSITION. 


In this manner one full-size seat is presented extending 
across the entire width of the vehicle. The change is 
made twice each year, and when not in use the filler 
seats are stored in the barn. 

A feature of the construction of this car for service 
in the Far East, and one which is not likely to be 
demanded in this country, is the screen which is to 
be seen dividing the interior of the vehicle into two 
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thrown into the concrete mixer by means of the most 
convenient apparatus at hand, either by shoveling it 
in from the stock pile, dumping it in from a wheel- 
barrow, or chuting it in from a storage bin. After 
the concrete and sand have been placed in the body 
of the mixer it is almost invariably the custom for 
the attendant or the man operating the mixer to take 
a bag of cement from a pile near at hand, untie it, 
tip it upside down and allow the little heap of cement 
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to drop in the mixer close to one side. Thus while 
the stone and sand are placed in the body of the 
mixer more or less evenly spread around, the cement is 
alniost invariably dropped in at one point. Should 
the mixer not be designed properly the resulting mix- 
ture would be very rich in cement on one side of the 
drum and very poor on the opposite side. As a pre- 
ventive of this defect means are placed in the mix- 
ing drum to cause the material on one side to be 
thrown clear across to the opposite side, and vice 
versa, so that when the mass is finally mixed it is 
thoroughly homogeneous and as well mixed in one 
place as another 

It is beginning to be understood that the more vio- 
lently the aggregates are thrown together and tumbled 
about the more thoroughly they are mixed and the 
beiter they become coated with cement. It is the ob- 
ject of many makers of modern machinery to violently 
mix the aggregates and cement by lifting them high 
and throwing them down again into the mass, and 
several machines are designed with what are called 
“coating tables” or stationary plates in the interior of 
the rotating drum upon which the aggregates are vio- 
lently thrown, tending to grind the mass together. 
Another defect to be found in the earlier machines 
was the tendency of the mass to “ball up” as snow will 
form into a snowball when rolling down the side of a 
hill. In fact, the old cubical box type of mixer which 
particularly has this tendency is used at the present 
time for making balls of bluing in chemical works. 
It may be said that the rough usage makes it neces- 
sary that concrete machinery be designed in a thor- 
oughly strong and rigid manner, and that all parts 
subject to wear be made so that they can be renewed 
easily and so that they will resist abrasion as far as 
possible. It is well known that cement dust and grit 
put a very severe strain on gearing, journals, and 
bearing boxes, and for that reason boxes which sup- 
port the journals of concrete mixing machinery not 
only should be dustproof but they should be self-oiling, 
as it is obvious that the breaking down of a $2 jour- 
nal box on a concrete mixer might easily cause a loss 
of as many hundred dollars to the contractor by the 
stoppage of his work. All wearing surfaces like roller 
wheels and tracks for the same, should be made of 
chilled iron of a hard and even texture, and wherever 
possible should be left unfinished so that the hard 
scale may remain and leave an excellent wearing sur- 
face, Concrete mixing machinery should be of ample 
capacity to hold the material without spilling or slop- 
ping as far as possible. In conclusion, it may be said 
that the designing of concrete machinery should follow 
the customs of contractors as regards size. In other 
words, nearly all cement is sent to contractors in bags 
which contain about a cubic foot of material. Batches 
of aggregates and cement to be mixed are usually laid 
out in what are called 1-bag batches, 2-bag batches, or 
3-bag batches; that is, the size of the batch is based 
on the bag. The 1-bag batch of 1-3-6 concrete con- 
sists of 1 bag of cement, that is, 1 cubic foot of cem- 
ent, 3 cubic feet of sand, and 6 cubic feet of stone; 
the 2-bag batch consists of 2 bags of cement, i. e., 
about 2 cubic feet of cement, 6 cubic feet of sand, and 
12 cubic feet of stone; and the 3-bag batch consists of 
3 bags of cement, i. e., 3 cubic feet of cement, 9 
cubic feet of sand, and 18 cubic feet of stone. By add- 
ing up the number of cubic feet in each batch it will 
be seen that the 1-bag batch consists of 10 cubic feet 
ldose aggregates, the 2-bag batch consists of 20 cubic 
feet of loose aggregates, and the 3-bag batch consists 
of 30 cubic feet of loose aggregates. 

Generally speaking, the proportion of 1-3-6 is that in 
which the greatest amount of stone is used as com- 
pared with cement. For that reason many concrete 
mixing machinery makers have rated the capacity of 
their machines as 10-cubic-feet, 20-cubic-feet, and 30- 
cubic-feet machines; in other words, machines that will 
hold a 1-bag batch, a 2-bag batch, and a 3-bag batch. 
In view of present practice this seems to-be the most 
reasonable scheme for rating capacity of concrete mix 
ing machinery. 

There are in general use at the present time two 
great classifications of concrete mixing machinery. 
The first class includes those known as “batch” mix- 
ers, and the second, those that are known as “continu- 
ous” mixers. The batch mixer class includes machines 
such as the cube mixer, the cheese-box style, the tip- 
ping mixer, and several others. The continuous class 
includes mixers such as the paddle trough mixer, one 
or two rotary cylindrieal mixers, and the portable 
gravity mixer. The distinction between these two 
classes is as follows: the batch mixer is a machine 
for which a certain measured quantity of concrete is 
laid out, introduced into the drum, mixed, and dis- 
charged. When this operation is completed the sec- 
ond batch or quantity is measured out and put through 
the same course. The continuous type of mixer is one 
in which mixing is always going on. It is continually 
receiving portions of fresh batches and continually 
discharging mixed portions of batches previously in- 
troduced. In other words, it mixes and discharges 
constantly without interruption. There are many 
kinds of concrete mixers at the present time on the 
market, some of which are popular from long service, 
some of which may be said to be popular in certain 
geographical districts, some of which are popular be- 
cause of some very meritorious feature which tends to 
make them either labor-saving or more durable for the 
work. 

As said previously, the cubical box mixer is one of 
the oldest styles of mixer still in use. Generally 
speaking, it may be said that the cubical box mixer 
consists of a large hollow cube of sheet steel turning 


on a horizontal axis through two of its corners. 

trap door is placed on one side of the cube at some 
convenient point and the whole mounted on a high 
tower with proper means for rotation. This tower is 
usually built of sufficient height and strength to sup- 
port a storage bin for the stone, sand, and cement be- 


‘fore the same are mixed, and to allow teams, cars, etc., 


to run under it and receive the mixture when it is dis- 
charged. The cubical box mixer is used to-day on 
many large jobs. This old style cube mixer at the 
present time is manufactured by all large makers of 
general contractors’ machinery. The United Concrete 
Machinery Company of New York recently brought 
out an improvement on the old style cube mixer by 
making’ a circular opening at one of the corners 
through which the axis passes through which the 
batch may be introduced without stopping the rota- 
tion of the mixer. This adds to the value of this type 
of apparatus in that it saves time while preserving 
the other good points of the cubical box. 

The next style of mixer which came into general 
use is that known as the cylindrical or cheese-box 
style, of which the “Ransome,” Gilbreth’s “Rotary,” 
United Concrete Machinery Company’s “Gotham,” 
“American,” the “McKelvey,” and “National” are ex- 
amples. This type of machine generally consists of 
a cylindrical drum with an opening in each head, one 
for introducing the charge or batch, the other for re- 
moving the batch after it is mixed. These mixers 
generally contain some type of blades attached to the 
inner surface of the circumference in such a way that 
they will throw the mass from side to side, lift it up 
into the air and throw it down, and finally chute it 
into the discharging means. Some of them depend on 
the introduction of an iron chute into the discharge 
hole which catches the falling material on the inside 
of the drum and discharges it to the exterior by means 
of its inclined surface. The Gilbreth “Rotary” is a 
mixer unique in that the opening in each head of the 
cylinder is large enough so that a wheelbarrow guided 
by certain fixed iron supports may be introduced entire 
into the mixer. It is also unique in that it may be 
charged at the same time at both ends. It was the 
first apparatus which introduced the feature of station- 
ary coating tables on which the aggregates and cement 
were violently thrown and mixed and ground together. 
The United Concrete Machinery Company’s “Gotham” 
seems to be unique in that it is the first rotary con- 
crete mixer on which were placed dust-proof bearings. 

Ope of the most interesting types of concrete mixing 
machinery is that which is known as the “tipping” 
style of mixer, of which the Smith mixer, the Munici- 
pal Engineering and Contracting Company’s mixer, 
and the United Concrete Machinery Company’s “Unit- 
ed” mixer are the most prominent examples. These 
mixers are built with rotating drums mounted on suit- 
able supports, and provided with openings at either 
end, one for receiving the charge and one through 
which the charge may be thrown out of the mixer. 
Their peculiarity lies in the fact that their supporting 
frames are so arranged that when the charge is en- 
tirely mixed the drum is tilted in such a manner that 
the mixed concrete runs out the discharging end by 
gravity alone. The Smith mixer takes the shape of a 
double cone on the inside of which are paddles or 
small shelves which are arranged to throw the ma- 
terial back and forth. The tipping mixer of the Muni- 
cipal Engineering and Contracting Company consists 
of a cube mounted in such a manner that it can be 
tipped and discharged at circular openings at opposite 
vertices; it has no blades on the inside. The “United” 
tipping mixer of the United Concrete Machinery Com- 
pany combines the good qualities of the cubical box 


machine with the large capacity of the cylindrical - 


drum machine. Its drum consists of a cylinder on 
which is formed a pyramidal discharging end. Inside 
the drum are placed radial blades which lift the ma- 
terial high in the interior of the drum and cast it 
down again upon a stationary coating table, which 
tends to grind the material together. The back and 
forth motion in the inside of the “United” drum is 
obtained by means of the inclined faces of the pyra- 
midal-shaped end, and by the inclined position of this 
coating table. While other types of tipping mixers 
are tilted by hand the “United” mixer is provided 
with a steam-actuated tilting apparatus of very simple 
and efficient design, which is a means of saving time. 
This mixer has another interesting point, namely, that 
the engine which rotates the drum is mounted on the 
tilting frame in such a way that it moves with the 
frame, obviating the necessity of a bevel gear connec- 
tion between the tipping frame and the usual station- 
ary engine. The engine used on the “United” mixer 
is known as the square-piston type of engine, is sim- 
ple in design and so mounted on the frame that it 
can be directly connected to the drum by means of 
spur gears. It is so placed that the maximum of 
energy developed by the engine is actually put into 
work upon the mass of aggregates and cement, making 
it possible to get a better and more thorough mix in a 
shorter time. 

Another type of mixer is known as the “Trough” 
mixer, which is produced by the Jeffrey Manufactur- 
ing Company, the Pioneer Iron Works, and many 
others. This trough style of mixer is one of the old- 
est types used and had its origin in the pug mill used 
in clay working plants. I generally consists of a 
long horizontal trough ope: at the top through which 
passes horizontally and lo fitudinally a heavy steel 
shaft upon which are mounied a series of iron pad- 
dles which take the shape of a screw-propeller of a 
marine vessel. This long shaft is rotated by power 
and the batch of concrete shoveled into the mixer, the 
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paddles tending to mix the material and shove i: io. 
ward the discharging end. The trough is usnally 
placed at a slight inclination to aid the thrust of the 
paddies in causing the material to run out at the 
lower end into wheelbarrows or other recepts: les 
placed for it. Another style of concrete mixer w) ich 
is more or less unique is what is known as “Port. ble 
Gravity” concrete mixer, invented some years since 
by Frank B. Gilbreth, the well-known contractor. Then 
work was not as plenty perhaps with him as it |: at 
the present time. However, having a piece of work 
which required mixed concrete in the foundation jt 
occurred to him that it might be a good idea to set 
up an inclined chute from the street level dow: to 
the bottom of the excavation, in which chute could 
be placed on end in a vertical position a lot of | irge 
spikes or small iron rods. This was done and when 
the batch on the street level was laid out the laborers 
shoveled it into this chute or trough in the hope ‘hat 
by the time it reached the bottom it would have |ecen 
sufficiently tangled up by contact with the pins, <ic., 
in the trough to have received more or less of a !mix- 
ing. This scheme was found to work very well, nd 
from this crude idea the first portable gravity mixer 
was developed, which since that time has had a world. 
wide sale, having been used in the building of for'ifi- 
cations in Japan, Great Docks of Liverpool, public 
works of South Africa, great battery emplacements of 
the United States, and innumerable other jobs. 


METHOD OF OPERATING CONCRETE MIXERS. 


The methods of operating concrete mixers are of 
course as varied almost as the number of works on 
which they are used, but the machine is usually placed 
conveniently to a raised platform on which the batch 
is laid out, measured, and from which it is shoveled 
into the drum. In case the apparatus is charged by 
derrick the same platform is used for the convenience 
of the man who handles the derrick boxes. The mixer 
is so placed that the discharge end is sufficiently high 
to allow the matter to be chuted out into such con- 
veyors as wheelbarrows, tram cars, scale boxes, or 
dump buckets. It is evident that it is a desirable 
thing to have a mixer whose charging opening is as 
low as possible and whose discharging opening is as 
high as possible, so that the platform may be as near 
the ground level as possible, and so that the mixer 
itself may not be unnecessarily raised up above the 
ground to discharge. The usual method of operation 
is to place two gangs of measurers and shovelers on 
the platform, which is built of sufficient size to allow 
them to work on opposite sides of the charging chute 
of the mixer. Two other gangs are usually employed 
with wheelbarrows or other means in bringing stock 
from the stock pile to the platform. Each gang of 
measurers and shovelers is provided with a low-sided 
bottomless box so designed that when it rests on the 
floor of the platform it will exactly hold the number 
of cubic feet required by the batch. The necessary 
amount of stone is dumped into this bottomless box 
and gauged by a mark on the inside surface, after 
which the necessary sand is placed over it, and finally 
the cement spread upon the sand. When this has 
been done this bottomless box is lifted from the plat- 
form, leaving a rectangular heap of aggregates and 
cement, which is then shoveled into the mixer. Two 
gangs of men are employed on the platform so that 
while one batch is being shoveled into the machine 
another may be measured. This is perhaps the sim- 
plest and crudest way of feeding concrete mixers, the 
next better scheme being that of measuring into scale 
boxes of sufficient size to hold the required batch, and 
which are handled by derricks. These scale boxes are 
dropped near the stock piles and there loaded by the 
men, four or five gangs usually operating at the same 
time. As fast as a scale box is loaded it is picked 
up by the derrick and emptied into the mixer. An- 
other scheme commonly used consists of attaching to 
the mixer a large iron hopper of the necessary size to 
hold the batch, in which the aggregates and cement 
may be loaded while the previous batch is being mixed. 
After one batch has been discharged the second batch 
is rapidly introduced into the drum from the hopper 
by means of a door or gate. 

As previously remarked, there are many different 
styles and types of concrete mixing machines; but in 
the last twenty-five years a large amount of experience 
has been gained with the result that the best practice 
in mixer design has come down to one or two standard 
shapes and kinds; and it should be the object of pros- 
pective purchasers of concrete machinery to avoid what 
might be called freak mixers, using just discrimina- 
tion in selecting that machine of standard type which 
comes nearest to suiting their needs. 

On very large jobs where the material is conveyed 
to the mixer by overhead tram road or by bucket ele- 
vators and removed after having been mixed by cars 
or other means, the cube mixer has considerable favor. 
The portable gravity mixer in connection with some 
sort of feeding device is also being used for similar 
work; and in fact probably the largest piece of con- 
crete construction in the world at present under way is 
that of the Derwent Valley Water Board, in the Derby 
Hills, near Sheffield, England. There concrete is »e- 
ing mixed by portable gravity mixers attached to what 
are known as accurate measurers and feeders. On 
large jobs where the concrete is handled mostly by 
derricks, the cheese-box or cylindrical type of batch 
mixer and the tipping mixer are probably used in 9° 
per cent of the cases; and this classification of large 
jobs where the material is handled by the derrick 
probably covers 90 per cent of works on which con 
crete is used. The main reason for the use of these 
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two types is that they are the most convenient to set 
up and handle and that they may be shifted from one 
f the job to another without much trouble. On 


all ontract jobs such as foundations, piers, bridge 
abutments, ete., it might be said that all kinds of 
rotary mixers are in general use. For street paving 
jobs the portable trough or paddle mixer, some types 
of cylindrical drum continuous mixers, are quite com- 
monly used, for the reason that they are very con- 
yeniently mounted on wheels, have low charge and dis- 
charee openings and are convenient to operate. Con- 
crete block makers often call for hand power mixing 
machinery. 
FEEDING DEVICES FOR CONCRETE MIXERS. 

Af.cr conerete mixing machinery had been pretty 
well ieveloped attention was turned to the question 
of devices for feeding the aggregates and cement into 
the mixer. As has previously been explained, these 
devicos first took the form of hoppers attached to the 
mixer. large platforms from which tip carts could be 
dum) cd direct into the apparatus, belt elevators feed- 
ing to the storage bins, inclined track hoppers, as 
exvarrled by the “International” mixer of the United 
Concrete Machinery Company, the portable set-up as 
used in connection with the portable gravity mixer, 


etc. 
MEASURING AND FEEDING DEVICES. 

With the increasing use of concrete machinery it 
became evident, particularly on very large works, that 
some means of measuring the aggregates to be fed into 
the concrete mixer were necessary other than that of 
hand labor, partly on account of the expense, partly on 
account of the fact that hand work is never as accu- 
rate 1s machine work. As long as cement costs money 
it will be the desire of cement users to put the right 
amount of cement in the concrete and no more. It 
is the engineer’s desire that the concrete be absolutely 
uniform in strength, not being stronger in one place 
than in another. This defect is quite possible where 
one man measures the cement for a week and then is 
substituted by another man who may be less accurate 
than the previous man. Again, it is pretty certain that 
in a single day’s work the concrete will vary in 
strength from hour to hour, because of the fact that 
the gang loading stone and sand into the scale box 
shovel a little more one time and a little less the next. 
With the end in view of making concrete more homo- 
geneous, of saving labor, and avoiding inaccuracy, a 
number of concrete machinery makers have put out 
what are known as “Measuring and Feeding Devices.” 
Of these devices might be mentioned the “Autometric” 
mixer, manufactured by the Bonnot Company. It 
consists of a large cylindrical drum shaped more or 
less like a short tube mill in which there are the 
necessary blades for mixing the concrete when the 
cylinder is rotated. One end of this apparatus rotates 
in a bin or box with compartments for sand, stone, 
and cement. On the outside of the drum are peculiar 
pockets which pick up stone from the stone bin, sand 
from the sand bin, and cement from the cement bin, 
and carry them around to a certain point where they 
automatically slide into the body of the mixer. The 
Foote mixer is an example of small measuring and 
feeding device in connection with a concrete mixer suit- 
able for road work and small jobs. The Connolly and 
Fenn mixers are provided with belt elevators which 
pick up material from bins placed at a low level. The 
elevator consists of three parts; one belt carrying a 
certain number of buckets placed close together which 
pick up the stone, the second belt carrying one-half 
as many buckets which pick up the sand, the third 
belt carrying a variable number of buckets, say one- 
third as many as there are on the sand conveyer, 
which serve to pick up the cement. In other words, 
the proportions are obtained by varying the number of 
buckets on the belts. These various elevators dump 
the stone, sand, and cement into a receiving hopper at 
the top of the apparatus, from which they are led 
down to the mixer itself, which usually takes the form 
of a trough mixer. 

One of the most successful machines for measuring 
and feeding is known as the “Gilbreth Accurate Meas- 
urer and Feeder,” an apparatus particularly suitable 
for very large jobs. It consists of a tower usually 
about 30 feet high, 20 feet square, in the top of which 
is a large storage bin containing three compartments. 
one for sand, one for stone, and one for cement. Each 
of these compartments terminates in a small iron 
chute whose front side is formed by a hinged and 
weighted gate. The bottom of each chute is formed 
by the surface of a large drum directly underneath, 
this drum being supported in the tower in such a 
manner that it may be rotated under the chutes by 
means of hand power. The method of operating is as 
follows: The large storage bins on top are filled by 
derricks, tramways, elevators, or other means at hand, 
and the mass in each compartment rests on the drum 
itself through the chute underneath. These chutes 
and the drum are so designed that when the latter is 
stationary none of the material will fall off, but once 
the drum is rotated the material begins to roll off the 
drum and pass down through the gates at the front of 
the chutes. The aggregates and cement as they fall 
from the drum are caught by what is known as the 
“concentrating” hopper and are guided into the mixer, 
preferably the “Portable Gravity” type. It is evident 
that the amounts of stone, sand, and cement which 
pass out through the individual gates must necessarily 
be proportionate to the areas of the openings. By ad- 
justing these gates or openings the desired proportions 
are ebtained and can be maintained without reference 
to the speed at which the drum is turned. This appar- 
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atus has been found very useful on large jobs, and its 
accuracy is easily within % of 1 per cent. 

In conclusion, it might not be out of place to sug- 
gest to those to whom the subject of concrete machin- 
ery is not familiar the methods by which they may 
recognize a good mixture of concrete when they see it, 
and the qualifications which a mixer should have. In 
the first place, good concrete is that which has sand 
enough to fill all voids in the stone, cement enough to 
fill all the voids in the sand. It is generally consider- 
ed that on the mortar, that is, the sand and cement, 
depends the strength of the final mass. It may be 
generally said that the amount of. mortar should be 
always in excess of that required to actually fill the 
voids in the stone. Concrete properly mixed may be 
known in a number of ways—perhaps the best and 
easiest test being that of color. Where a mass of con- 
crete shows a variation in color it is pretty certain 
to be poorly mixed, being reddish in spots, due to the 
color of the sand, while on the other hand properly- 
mixed concrete is an even gray color showing that all 
the stones and grains of sand are perfectly coated 
with cement. 

A stony appearance of the resulting mass indicates 
too little sand. It is very difficult to decide on the 
proper proportions to use on any particular job until 
samples of the actual stone and sand to be used are 
inspected and measured. 

The question of the amount of water to be used in 
the mixing of concrete has been referred to previously 
in this article, and it may be said that care should be 
taken that in the handling of concrete too much water 
is not added so that the cement will be washed away 
from the stone and sand in places. This is especially 
true where the resulting mixture is to be used in small 
quantities, as by the wheelbarrow load. 

In conclusion, it may be said that defects in mixing 
are bad where the mass is used in small quantities, but 
they are sometimes remedied in handling where the 
mass is dumped in large quantities from cars or scale 
boxes into a dam or some large structure, as in such a 
case the very act of dumping causes the stuff which is 
not well mixed to become thoroughly mixed and ama! 
gamated with the rest of the mass. 


A SIMPLE METHOD OF MEASURING THE 
DENSITY OF LIQUIDS. 


Tue only special instruments required for the meas- 
urement of the density of a liquid, to the second place 


a> 


of decimals, are: 1. A small balance (coin balance) 
sensitive to 5 milligrammes, which may be purchased 
{in Paris] for 15 francs ($3). 2. An accurately 
marked double pipette, of 10 cubic centimeters’ Ca- 
pacity, which will cost about a franc and a half (30 
cents). 

In addition there is required a receiver, consisting 
of a test tube about five inches long, mounted on a 
cork base, and provided with a cork stopper, as shown 
in the illustration. 

The method of operation is as follows: First, the 
test tube is thoroughly dried. This may be done 
quickly and easily by heating it in the flame of a 
Bunsen burner. When cool, the tube with its cork 
and base is placed in one pan of the balance, and a 
counterpoise of about 30 grammes is put in the other 
pan. Small weights, which must be accurate, are then 
added to the first pan until the pointer of the balance 
returns to the zero mark. Calling the sum of these 
small weights P,, we have, from the first weighing: 

Counterpoise = receiver + P,. 

Next, 10 cubic centimeters of the liquid whose densi- 
ty is desired are drawn into the pipette and trans- 
ferred to the receiver, which is re-corked and replaced 
on the scale pan. Calling the weight now required for 
equilibrium P,, we have 

Counterpoise = receiver + 10 c.c. of the liquid + P.,,. 

The test-tube is then emptied, thoroughly washed, 
and dried. Ten cubic centimeters of distilled water is 
placed in it with the aid of the pipette, and it is re- 
placed, corked, on the same scale pan, with weights 
sufficient to establish equilibrium. 

Calling these weights P,, we have 

Counterpoise = receiver + 10 cubic centimeters of 
distilled water + P,. 


Hence, weight of 10 c.c. liquid — P, — P, 
weight of 10 c.c. water = P,— P, 
P,—P; 
and density of the liquid = 
P,—P, 


At the temperature of my laboratory, 12 deg. C. (54 
deg. F.), P,— P, will be found equal to 10 grammes 
to within 5 milligrammes if the pipette and the small 
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weights are correct. As an example, the density found 
12.645 
for bisulphide of carbon by this method is = 
10 
1.264. The density given by the annual of the Bureau 
des Longitudes is 1.263.——From the French of E. Sar- 
ran in La Science au XXme Siécle. 


THE N-RAY PROBLEM. 


AN interesting contribution to the N-ray problem, 
which would seem definitely to solve the question as to 
the real existence of these rays, is published in the 
Revue Générale des Sciences of January 30. 

Prof. E. Mascart a short time ago asked Prof. Blond- 
lot to repeat in his presence, with special precautions, 
the experiment of the refraction of N-rays in an alumi- 
nium prism. Prof. Blondlot agreed. The refraction 
spectrum shows a certain number of intensity maxima, 
which on account of the experimental conditions are so 
wide as not to admit of the accuracy of optical meas- 
urements. 

The screen, provided with a thin strip of sulphide 
previously lighted, was mounted on the carriage of a 
dividing engine, the figure marked by the index on the 
ruler being recorded each time the observer stopped 
the carriage at an intensity maximum. The following 
figures were obtained by four different observers in 
the same range: 


382.4 391.5 398.4 
387.2 393.0 399.0 
381.0 386.9 392.0 398.2 
ee 383.4 387.0 391.0 397.0 
382.4 387.03 391.9 398.15 


In another experiment the dividing engine was so 
displaced as to have the motion of the carriage occur 
approximately at right angles to the refracted rays, 
readings being taken in alternate directions. At each 
stoppage on a maximum, Prof. Mascart would read the 
corresponding division of the index without the knowl- 
edge of the observer. 

Prof. Blondlot thus obtained: 

— > 387.5 382.3 374.0 368.2 360.2 358.0 353.2 
<— 386.1 381.2 374.3 368.2 360.2 358.2 353.2 


Average 386.8 381.75 374.15 368.2 360.2 358.1 353.2 


The Nernst lamp giving off the rays was next extin- 
guished by breaking the circuit, and another set of 
observations begun on a reduced range to avoid the 
strain on the observers. The following figures were 
obtained: 


375.6 370.4 363.4 356.2 ——> 
Blondlot 


375.3 370.3 363.4 356.2 <—— 


Average 375.45 370.35 363.4 356.2 


371.4 364.2 356.1 
Gutton 


374.8 367.4 361.3 356.6 <—— 


Average 374.8 369.4 362.75 356.35 


374.9 369.8 364.6 357.6 —->> 
Virtz 


374.6 371.6 364.3 358.2 <-— 


Average 374.75 370.7 364.45 357.9 


372.0 356.0 ——> 
Mascart 
376.5 371.¢ 356.0 <-— 
Average 376.5 371.0 = 356.0 


In order to give an idea of the accuracy of these ex- 
periments, it may be said that in the latter case the 
deflection was close to 30 deg. and that 1 millimeter 
of the scale corresponded to about 4 min. The condi- 
tions were about the same in the other sets of observa- 
tions. Prof. Blondlot’s pointings were especially accu- 
rate, agreeing with each other to less than ™% milli- 
meter, apart from two exceptions, while Prof. Mas- 
cart’s observations, in view of his lesser skill in this 
special line of work, obviously admitted of less accu- 
racy. 

The above report was recently presented to the 
French Academy of Sciences, and at the same meeting 
Prof. C. Gutton communicated the following on the 
same problem: If N-rays be made to strike the pri- 
mary spark of a Hertzian oscillator, the secondary spark 
will be found, according to Blondlot’s observations, to 
decrease in intensity. The action of N-rays is thus 
shown to alter the electrical phenomenon itself. The 
action of the primary on the secondary circuit being 
rendered less energetic by the rays, which reduce the 
explosive distance, the intensity of the secondary spark 
will obviously be decreased. 

This has been evidenced and photographed by M. 
Gutton with the aid of brass electrodes. Brass is in 
fact an alloy sufficiently hard to take a regular shape, 
while the zinc contained therein imparts to the spark 
a large number of photographic rays. The length of 
the spark is taken at 1-30 to 1-40 millimeter, the light- 
ing of the plate being chosen so as just to give an 
appreciable photographic impression. It may be said 
that a very slight variation in the intensity of light- 
ing in the neighborhood of critical value will result 
in a considerable variation in the photographic action. 

Prof. Gutton’s memoir contains the detailed descrip- 
tion of all the experimental conditions. Thirty-seven 
well agreeing experiments have shown the intensity 
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of the secondary spark to be distinctly diminished 
under the action of N-rays. On the plate represented 
to the Academy, this action was manifested by a very 
pale spot and a dark spot respectively, differing from 
each other by about ten times in intensity. 


A NEW SOURCE OF INDIA RUBBER. 

In the rubber industry every improvement that prom- 
ises a larger output is of importance, as the demand 
is increasing so rapidly, chiefly in consequence of the 
enormous development of electrical industries, that the 
supply can no longer keep pace with it. There is also 
imminent danger of the forests being exploited in so 
ruthless and destructive a manner, because of the high 
price of the product, that 2 “rubber famine” may be 
produced. The most effective means of combating 
these dangers, which are by no means imaginary, will 
be found in better utilization of known rubber plants, 
especially in the chvice of methods which shall injure 
the plants as little as possible, and in the discovery of 
other sources of caoutchouc. The ideal rubber plant 
would be a tree or shrub yielding the valuable material 
in its fruits. These could be gathered without injury 
to the plant, which might be protected and cultivated 
like a pear tree or a grape vine. 

The first hope of the realization of this ideal is given 
by Prof. Warburg in the journal Der Tropenpflanzer. 
He points out that, while the fruits of the plants now 
used as sources of rubber contain either no caoutchouc 
or a quantity so small as not to be worth extracting, 
the case is different with certain parasitic plants, the 
caoutchouc mistletoes, which were discovered in Vene- 
zuela by Giordana only three years ago. The fruits 
of these plants contain caoutchouc, not as a milky 
juice, but in the form of a cohering solid envelope 
which surrounds the seeds. In some species the caout- 
chouc amounts to one-fifth of the weight of the dried 
fruit. The layer of caoutchouc is similar in structure 
to the layer of “viscia” which surrounds the seeds df 
the common mistletoe, and is produced by local chemi- 
cal changes in the cells. There are three groups of 
species of the Venezuclan caoutchouc mistletoe, dis- 
tinguished by the size of their fruits. Probably the 
large fruited species will be found most valuable, be- 
cause of the facility with which the caoutchouc layer 
can be removed. The caoutchouc can, however, be ob- 
tained by drying the ripe fruit, pounding or grinding 
it and mixing with water. The unripe fruit yields, by 
simple pressure, an impure but by no means worthless 
rubber which can be cheaply transported in the form 
of cakes.—Translated for the Screntiric AMERICAN 
SurrLeMentT from Umschau. 


THE SAN FRANCISCO EARTHQUAKE OF 
APRIL 18.* 

In the immediate presence of a great catastrophe, 
in which hundreds of lives have been lost, and San 
Francisco, the “Queen of the Pacific,” has been al- 
most entirely destroyed, it is not to be expected that 
details of much scientific value should be recorded. 
All that is here possible is to describe briefly the 
course of events, to trace in rough outline their con- 
nection with former shocks and with the geological 
history of the district, and to refer to the unfelt earth- 
waves registered at distant observatories. 

NATURE AND EFFECTS OF THE EARTHQUAKE. 

Though the coast of California from San Francisco 
to Les Angeles is one of the chief seismic regions of 
the globe, the first and greatest shock was heralded 
by no warning tremors or earth-sounds. It occurred 
at 5.13 A.M. (that is, 1.13 P.M. Greenwich mean 


STRUTANTHUS SYRINGIFOLIOS, A 
CAOUTCHOUC MISTLETOE. 


G, H. Sections of fruit, (Twice the natural size.) 


time), perhaps, as the seismographic evidence would 
imply, a few minutes earlier. As in all tectonic earth- 
quakes of the first magnitude, the duration of the 
shock was considerable, not less than two or three min- 
utes, and it was in this time that the chief part of 
the destruction, so far as it was directly due to the 
earthquake, was accomplished. Five minutes later an- 
other and less violent shock was felt, and, in the midst 
of almost continuous tremors, a third prominent shock 
took place at 8.15 A.M., and others shortly before 10 
A. M., and about 1.30 and 7 P.M. None of these seems 
to have been registered in European observatories, but 


* Nature. 
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they sufficed to throw down walls already damaged. 
Soon after the first shock, fires broke out in several 
parts of the city, and spread rapidly, the water-mains 
having been injured. Attempts, on the whole suc- 
cessful, were made to limit their extension by blowing 
up passages through the crowded parts, with the re- 
sult that about one-quarter of the city may be ulti- 
mately saved. 

Like Charleston, which was so seriously damaged 
by an earthquake twenty years ago, San Francisco is 
built upon a peninsula; and the effects of the two 
shocks, as revealed by the distribution of the damage, 
were very similar. Although the whole of both cities 


PHTHIRUSA THEOBROMAE, A CAOUTCHOUC 
MISTLETOE. 


suffered severely, the chief destruction was confined to 
houses built on low-lying “made” land. In San Fran- 
cisco this land is occupied by business houses and 
warehouses, and, in the southern part, by cheap tene- 
ments and poorly-built lodging-houses. At 5 A. M, most 
persons were in bed, and thus there was little loss of 
life in the business district, and much in that covered 
by the tenements. The better-class residential district, 
situated on the hills, escaped with comparative im- 
punity, so far as the earthquakes were concerned, 
though the fire afterward spread to that quarter. 

That San Francisco was situated within or close to 
the epicentral area is shown by the continuous after- 
shocks, and by the effects of the shock. Observers in 
the open air state that the streets could be seen to 
bulge and wave as if about to crack open. Three 
miles of railway have sunk out of sight between 
Suisan and Benecia; several railway tracks have been 
destroyed for scores of miles; and on the harbor front 
the earth appears to have sunk from six to eight 
inches. Great cracks were formed in the streets, and 
these cracks were twisted into all shapes. The houses, 
before they were destroyed by fire, were also seen to 
be out of alinement. 

Outside San Francisco many towns are known to 
have suffered severely, especially San José, Santa Cruz 
and Santa Rosa; others less severely, from Mendocino 
on the north to Monterey on the south. With our 
present information (and the absence of news from 
neighboring places, and especially from the Lick Ob- 
servatory, is disquieting), the meizoseismal area is a 
band extending along the coast and parallel to the 
Coast Range, about three hundred miles in length 
and not more than fifty miles in width. The extent 
of the disturbed area will remain unknown until in- 
quiries have been made, but it is curious how few 
details on the subject have been published. Los An- 
geles (only 350 miles southeast of San Francisco) does 
not seem to have been affected to any extent by the 
principal earthquake, though the shock was felt se- 
verely throughout the whole of the neighboring State 
of Nevada, and there are vague reports of more dis- 
tant observations. 

POSITION OF THE EPICENTER AND SEISMIC SEA-WAVES. 


If the line drawn so as to bound the known area of 
destruction be even approximately correct, there can 
be no doubt that the epicenter was submarine and 
situated some little distance from the coast. The fact 
that the shock was felt at San Francisco two or three 
minutes after the epicentral time implied by the seis- 
mic records is also in favor of this conclusion. The 
chief difficulty in accepting it lies in the absence of 
any very great sea-waves. Much of San Francisco is 
only about twelve feet above high-water mark, and 
would have been submerged by any considerable wave. 
There seems, however, to have been some disturbance 
of the sea. Many vessels, it is said, were washed 
ashore with each disturbance, and washed out again 
by the receding waters. There are also unconfirmed 
reports that Terminal Island, a seaside resert about 
twenty miles from San Francisco, has been destroyed 
by a sea-wave, and that other places -.. the Cali- 
fornian coast have also been swept away. At present 
it is probable that the first decisive evidence of sea- 
waves, if any existed, will come to us from the eastern 
shores of Japan, which would be reached by them in 
about ten and a half hours after the earthquake. 

GEOLOGICAL RELATIONS OF THE EARTHQUAKE. 

The earthquakes of California have been studied for 
some years by Messrs. Holden and Perrine, of the 
Lick Observatory, and the geology of the State is being 
revealed through the labors of Messrs. Russell, Diller 
and Lawson; while an admirable summary of their 
relations was recently presented by M. de Montessus’ 
valuable work on “Géographie séismologique” (pp. 404- 
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412). Between the Rocky Mountains and the Pacific 
are the parallel chains of the Sierra Nevada and the 
Coast Range. Among the Rocky Mountains earth. 
quakes are few and slight; on the eastern slopes of 
the Sierra Nevada they are more frequent, and some. 
times, as in the Owen's Valley earthquake of 1872, of 
considerable severity. The western portion of the 
Sierra Nevada, the Cascade Range, is remarkably free 
from earthquakes, though it is worth noting by those 
who see an intimate relation between volcanic and 
seismic actions that it contains the recently extinct 
cones of Shasta, Mount Hood and Mount Rainier. 
Again, the Coast Range, and especially the districts 
surrounding San Francisco and ios Angeles, is one 
of the great seismic regions of the globe. Lastly, to 
the west of California the sea-bed deepens rapidly, the 
contour of 4,000 meters lying only a short distance 
from the land, and from this region many of the 
strong California earthquakes are known to proceed. 

Recent studies have established a close connection 
between these earthquakes and the geological structure 
of the district. Whether the earthquakes take place 
under the Coast Range or beneath the adjoining ocean, 
the longer axes of the isoseismal lines are either 
parallel or perpendicular to the suboceanic contour. 
lines, the crust-folds of the Coast Range and the long 
lines of fault of the Pacific seaboard. It is difficult 
to resist the conclusion that in the western United 
States we are presented with mountains in four suc- 
cessive stages of growth. In the Rockies we have 
ranges so ancient that they have almost ceased to 
grow; in the Sierra Nevada to the west another which 
is approaching old age; the Coast Ranges are in the 
stage of youthful, vigorous growth, with the possi- 
bility of a long and active life before them; while, 
still farther to the west and not yet risen above the 
ocean, there seems to lie an embryonic range, of which 
the San Francisco and other earthquakes are the 
birth-throes. 

THE UNFELT EARTH-WAVES. 

In all parts of the world delicate seismographs soon 
afterward recorded the occurrence of a violent earth- 
quake. The. first waves reached Victoria (B. C.) at 
1.15 P. M.; at Washington the movement was so 
strong that the pen passed off the recording sheet. In 
a quarter of an hour the seismographs of Great 
Britain took up the tale, large disturbances being re- 
corded at Shide, Bidston, and Edinburgh; at Birming- 
ham the pointer of the Omori horizontal pendulum 
swept three times off the drum. Passing over to the 
Continent, they set to work the instruments at Berlin, 
Heidelberg, Vienna, Laibach, Turin, Rome, and many 
other places. The vendulums at Florence shared the 
fate of those at Washington and Birmingham. The 
seismograph at Cape Town also registered the move- 
ment, while those in Japan were disturbed by the 
waves proceeding in the opposite direction across the 
Pacific. Only the secantiest details are as yet made 
known, but, if we may judge from the diagram at 
Birmingham, the complete series of records will be 
one of great interest and value. 

The first series of preliminary tremors reached Bir- 
mingham at lh. 25m. 3s. P. M. (G. M. T.). They were 
small in amplitude and had an average period of 6.4 
seconds. At lh. 35m. 7s. they were followed by the 


PHTHIRUSA THEOBROMAE, A CAOUTCHOUC 
MISTLETOE. 


G. Section of fruit. (Twice the natural size.) 


second series of preliminary tremors, much larger in 
amplitude and with an average period of 11.4 seconds. 
These tremors, as is now well known, traverse the body 
of the earth with velocities of about 10 or 11 and 5 
kilometers per second respectively. At 1h. 45m. 13s. 
began the principal portion of the movement, consist- 
ing of undulations which travel over the surface with 
a nearly uniform velocity of 3.3 or 3.4 kilometers per 
second. In the initial phase of this portion the undv- 
lations had an average period of 44.1 seconds; in the 
slow-period phase (which began at 1h. 50m. 22s.) of 
25.2 seconds, and in the succeeding quick-period phase 
of 16.2 seconds. Unfortunately, this portion of the 
record is incomplete, for the pointer of the pendulum 
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swept off and on the drum three times, several waves 
being thus lost, and the initial epoch of the quick- 
period phase cannot be determined. The end-portion 
of the disturbance began at 2h. 1m. 4s., and consisted 
of a long series of unusuajly clear and regular waves 
with an average period of "15.0 seconds. The duration 
of this portion ‘is uncertain, for these waves were re- 
inforced at 3h. 28m. 38s. by the undulations of the 
principal portion which traveled through the anti- 
podes along the major arc joining San Francisco and 
Birmingham. At 3h. 56m. 57s., however, the trace be- 
comes nearly steady, but a careful examination reveals 
another series of long, low undulations from 4h. 58m. 
32s. to 5h. 6m. 34s., which represent the return of the 
first series of surface-undulations after they had com- 
pleted the tour of the globe and traveled once more 
as far as Birmingham. The interval between the first 
and third passages of these waves is 3h. 13m. 19s., 
and corresponds to a mean velocity of 3.36 kilometers 
per second. 
MAGNITUDE OF THE SAN FRANCISCO EARTHQUAKE. 


The mere fact that the earth-waves should disturb 
a seismograph after traveling 30,000 miles is suf- 
ficient evidence to show that the earthquake belongs 
to the very front rank. If we might estimate the 
intensity of a shock by the maximum range of move- 
ment at Birmingham, we should have to regard the 
San Francisco earthquake as much stronger than the 
Indian earthquake of April 4, 1905, but as inferior to 
the remarkable Central Asian earthquakes of July 9 
and 23, 1905. The period of the larger waves ap- 
proaches, however, so closely to that of the pendulums 
themselves that it by no means follows that the range 
and epoch of the maximum displacement of the in- 
struments correspond with those of the earth’s crust. 
Nor can we infer much from the extent of the de- 
struction of the lofty, badly-founded houses of San 
Francisco. If the Colchester earthquake of 1884 had 
originated between the city and west-end of London 
instead of beneath the villages of Peldon and Row- 
hedge in Essex, the damage would have been consider- 
able, and the earthquake would have held a higher 
place in our estimation. When, however, we consider 
the great area covered by the injured towns in Cali- 
fornia, the displacement of the superficial soil, the 
crumpling of the railway tracks, and the widespread 
registration of the unfelt waves, it is clear that we 
must give to the San Francisco earthquake a place 
inferior, no doubt, to the Lisbon earthquake of 1755 
and the Indian earthquake of 1897, but probably one 
in the same rank as the Neapolitan earthquake of 
1857, the Japanese earthquake of 1891, and the Indian 
earthquake of 1905. C. Davison. 


RECENT ADVANCES IN FINE MEASUREMENT.* 


Tue limit of fineness of mechanical measurement at 
present attainable with absolute certainty, by the use 
of the most accurate micrometer microscopes or thick- 
ness measurers, fundamentally dependent on the ac- 
curate cutting of excessively fine screws, is the thou- 
sandth part of a millimeter or the twenty-five-thou- 
sandth part of an inch. The celebrated mechanical 
measuring machine of the late Sir Joseph Whitworth, 
dependent on a fine screw and on the delicacy of the 
sense of touch, reads directly to the ten-thousandth part 
of an inch. Sir Joseph Whitworth did, indeed, suc- 
ceed in constructing a mechanical measurer, for the 
accurate determination of the length of the standard 
yard, which read to a millionth of an inch. But grave 
errors rapidly develop in such machines with the wear 
of the several screws employed, and a grain of dust 
is fatal to the trustworthiness of the sense of touch 
beyond the limit of the ordinary Whitworth machine 
just referred to. Hence, the twenty-five-thousandth 
of an inch may be taken as the limit of measurement 
of mechanical measurers of general application. 

But we possess a physical means of measurement 
three hundred times more refined than this and free 
from the difficulties alluded to; that is, one which en- 
ables us to determine variations in length, thickness, 
or position with absolute accuracy to the eight-millionth 
part of an inch, or one three-hundred-thousandth of a 
Millimeter. The foundation of this truly wonderful 
scale is the wave-length of light, a quantity which is 
how known with great accuracy for the most impor- 
tant lines of the spectrum. 

Moreover, the method is rendered exsthetically beau- 
tiful by the fact that an actually visible scale can be 
produced, composed of black interference bands on a 
brilliant background of pure monochromatic light. 
Further, the interval between any two bands can be 
subdivided into one hundred parts by employing a 
micrometer eyepiece on the observing telescope. 

To produce the bands the monochromatic light re- 
quires to be reflected from two surfaces, almost, but 
not quite, in contact, one of which must be of trans- 
parent material. They must be arranged so that the 
intervening film of air is slightly wedge-shaped in- 
Stead of being of uniform thickness, the amount of 
tilt of one surface with respect to the other determin- 
ing the width of the bands. The value of such a scale 
for measuring purposes will be at once apparent when 
it is pointed out that if one of the reflecting surfaces 
approaches to or recedes from the other the interference 
bands also move, at right angles to their length, and 
that the passage of any two consecutive bands over a 
reference mark corresponds to a movement of the sur- 
face referred to equal to half the wave-length of the 
light employed. Hence, it only remains to count the 
number of interference bands which pass the reference 


* Dr. A. E, H, Hutton in Times Engineering Supplement, 
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mark, and to use the micrometer to determine any 
initial and final fractions of a band, in order to obtain 
the measure of the amount of motion of the surface. 

This principle was first applied by Fizeau for the 
determination of the expansion by heat of solid sub- 
stances. It has the inestimable advantage, in the case 
of costly or rare substances, of only requiring a small 
quantity of the material under investigation, a cube 
of one centimeter edge being ample. The principle 
was subsequently extended by Koch to the determina- 
tion of the elasticity of thin plates. 


CHESS PLAYERS’ TIME-KEEPER. 

In the noble game of chess it is customary to count 
the time which each of the players takes for his move 
and at the end of the game to add all the periods to- 
gether. Chess, of all games, requires most mental 
power and activity for making combinations. In each 
of his moves the player must foresee the steps his ad- 
versary is likely to make. This is an enormous labor 
of the mind, and it is of moment whether a player 
takes a few seconds only for estimating the combina- 
tions, while another employs a quarter of an hour. 

In order that the players of less skill or experience 
shall not endeavor to equalize the chances by con- 
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while the other continues locked until the other ex- 
tremity of the lever is depressed. The operation is, 
therefore, as follows: The two clocks when wound 
are both set at, say, the twelve hour mark, and the 
lever adjusted horizontally. When the first player, A, 
commences, his antagonist, B, presses on the button 
next to him, and thus sets one of the clocks, that of 
A, going. The latter, having played, in his turn presses 
on the other button, and by so doing stops his clock 
and sets that of B going, which will continue to work 
until B has played; and so on. At the end of the game 
the clocks will indicate exactly the time employed by 
the respective players for the total of their moves.— 
Translated from the Deutsche Uhrmacher Zeitung. 


THE GELADA OF THE ZOOLOGICAL GARDEN OF 
LEIPSIC, 

Tue Leipsic zoological garden has recently acquired 
the fine adult male gelada (Cynocephalus gelada) 
shown in the accompanying illustration. These singu- 
lar baboons are found, living in small flocks in the 
mountains of Abyssinia, at an elevation of 10,000 feet 
above the sea. In appearance the gelada is one of the 
most grotesque of baboons. The bony arch of the eye- 
brow is enormously deveioped and the cheek and jaw 
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suming a longer time for reflection, a certain maximum 
time is accorded for a given number of moves. For 
example, the space of an hour may be allowed for 
fifteen moves and this total time must not be exceeded. 
The need of a special time-piece for governing this re- 
sult is apparent, and we have several times received 
inquiries relative to apparatus for this purpose. A 
small clock designed especially for chess players has 
been designed by Herr Veenhoff of Groningen. 

This apparatus is composed of two similar small 
clocks, mounted side by side on a wooden platform. 
Behind the clocks a mechanism is installed, designed 
to be set in action and to stop according to the move- 
ments of the players. It consists of a long double 
lever, pivoting at the middle on a support fixed to the 
platform, and is furnished with a button at each of its 
extremities. The two arms of this lever, which can 
oscillate like the beams of a balance, each move with- 
in a kind of fork serving as a guide. They are each 
provided with a long and flexible brass rod, which pass- 
ing through a slit made in the back of the respective 
clocks, projects into the movement. These two rods 
are placed in such a way that when the double lever is 
horizontal, they lightly touch the balances and stop 
them. 

When pressure is applied on one of the buttons of 
the lever, the corresponding balance is disengaged, 


bones form very sharp ridges which extend from the 
eyes to the nostrils. The muzzle is much larger and 
the nostrils more retracted than in any other of the 
cynocephali. A coat of extremely dense and long hair 
covers the trunk from the head to the root of the tail. 

The gelada is particularly characterized by two hair- 
less bright red prominences on the chest, a bare strip 
of the same color surrounding the throat like a neck- 
lace, and bright red eyelids. When aroused to anger 
the animal raises his upper eyelids so high that his 
eyes appear surrounded by large patches of red, and 
turns his long lips, the inner surface of which is also 
bright red, completely inside out, so that the upper 
lip covers the nose and the lower lip covers the chin, 
exposing the long and sharp canine teeth, which re- 
semble those of the carnivora. At the same time he 
tosses up his head and displays the hairless red spots. 
The long hair of the mantle is black, the short fur of 
the hind legs light brown and that of the breast light 
gray. The voice of the gelada is exceedingly rich in 
modulations and is usually soft, but even its loud cries 
are less harsh and strident than those of the mandril. 
Its food consists of leaves, roots, seeds, and insects. 
The gelada of the Leipsic zoological garden eats hay 
and grain and is particularly fond of lettuce.—Trans- 
lated for the Screntiric AMERICAN SUPPLEMENT from 
Die Illustrirte Zeitung. 
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Correspondence. 


GREEK ASTRONOMY. 
To the Editor of Scientivic AMERICAN SUPPLEMENT: 

Many astronomical books continue utterly to ignore 
the ancient Greeks’ work, and this is not right. 

In your number of February 17, 1906, there is an 
erroneous history of “The Sun’s Distance,” which says 
in part: “The first determination we have any record 
of is that made by Hipparchus more than two thou- 
sand years ago. He concluded that the distance 
of the sun was 650 times greater than the earth's diam- 
eter; . . . a value 18 times too small. The wonder 
is, not that Hipparchus was so far wrong, but that his 
genius enabled him to come to any conclusion at all. 
es For eighteen centuries this value of the 
sun’s distance remained uncorrected. The mean 
value of the sun’s distance is 92,900,000 miles.” 

In Plutarch’s Chaeronensis, Moralia, De placitis 
philosophorum, Lib. II., § J A, we find that according 
to Eratosthenes the sun's distance equals 804,000,000 
stadia. Now each stadium is equal to 185.184 meters, 
804,000,000 « 185.184 — kilometers 148,887,936 — 92,- 
514,496 miles. Thus Eratosthenes (276-194 B. C.) knew 
as much about the sun’s distance as our modern as- 
tronomers, and this ought not to be ignored, at least 
by astronomers. 

Hipparchus was a century younger than Eratos- 
thenes. The ancient Greeks knew exactly (as exactly 
as ourselves) the nature of the Milky Way, the motion 
of the earth (fifteen centuries before Galileo), the 
habitability of planets, and many other great things 
according to Plutarchus. 

L. CaLAMIpas, Engineer. 

Constantinople, Turkey, March 21, 1906. 


RELATIVE TOTAL HEAT RECEIVED FROM SUN 
AND SKY DURING ANY DAY BY HORI- 
ZONTAL SURFACES.* 

AN accurate way of considering the amount of in- 
solation at any locality is to compute the total radia- 
tion (expressed by its equivalent heat in calories) re- 
ceived by a horizontal surface in the natural daytime 
of that day and latitude, taking account of the absorp- 
tion by the atmosphere. (See Annales Agronomique, 
1878, IV, pp. 270-296, or Ann. Report Chief Signal 
Officer for 1881, pp. 1200-1216.) This has been done by 
Aymonnet by a granhic method. He assumes that if 
the sun were in the zenith then the unit of horizontal 
earth's surface would, because of atmospheric absorp- 
tion, receive only 0.75 of the heat that it would receive 
if it were outside the atmosphere. Of the remaining 
25 per cent one-half reaches this horizontal unit by 
way of the diffuse reflection from the sky, so that with 
the sun in the zenith the unit receives 0.875 of the 
original solar heat. For a point on the equator during 
twelve hours this would amount to 0.875 * 12 * 60 x 60 
of the total possible if the sun were in the zenith. 
Using this as a basal datum, Aymonnet obtains the 
relative numbers given in the following table or the 
ratio of the heat actually received during one day to 
that which would have been received if the sun had 
stood for twelve hours in the zenith. Thus on June 20, 
at latitude 30 deg., the horizontal unit receives 0.347 
of that corresponding to the ideal sun in the zenith all 
day, while at the north pole on the same day the hori- 
zontal unit received during twenty-four hours 0.328 
of what it would had the sun stood in the zenith for 
twelve hours. In fact the amount of heat received by 
horizontal surfaces is nearly uniform for all latitudes 
for the days June 15 to July 28. These relative num- 
bers or ratios may be turned into absolute calories by 
multiplying them by the so-called “solar constant,” 
whose value is probably between two and three calo- 
ries per minute per square centimeter. 


Relative quantities of total heat received on specified 
days from the sun ar sky at different latitudes 
by a unit surface of horizontal ground during one 
cloudless day, allowing for the absorption and dif- 
fuse reflection of ordinary clear air, as computed 
by Aymonnet. 


Latitude. 
Dates, 1874. ans 
BSz | | | 
3° 10° | 70°. | 80°. | 
} 
0 O7 | 0.901 | 0.295 | 0.265 | 0.175 | 0.075 | 0.029 | 0.000 
8 08 | 0.298 | 0.297 | 0.268 | 0.190 | 0.098 | 0.049 | 0.017 
6 52 | 0.206 | 0.908 | 0.284 | 0.215 | 0.127 | 0.082 | 0.068 
9 48 | 0.202 | 0.306 0.206 | 0.235 0.167 | 0 116 0.100 
13 14 | 0 988 | 0.307 | 0.310 | 0.261 | 0.191 | 0.159 | 0.161 
16 17 | 0.284 | 0.305 | 0.322 | 0.281 | 0.228 | 0.207 | 0.205 
18 54 | 0.279 | 0.304 | 0.331 | 0.298 | 0.265 | 0.349 | 0.260 
20 58 | 0.274 | 0.304 | 0.337 | 0.318 | 0.282 | 0,280 | 0.286 
23 34 | 0.272 | 0.308 | 0.342 | 0.394 | 0.804 | 0-812 | 0.313 
28 20 | 0 208 | 0-302 | 0.346 | 0.880 | 0-314 | 0.288 | 0.326 
28 27 | 0.267 | 0.301 | 0.347 | 0.330 | 0.315 | 0.325 | 0.228 
23 36 | 0.272 | 0.308 | 0.342 | 0.2864 | 0.904 | 0.312 | 0.314 
20 51 | 0.274 | 0.804 | 0.337 | 0.318 | 0.282 | 0.279 | 0.254 
18 59 | 0.270 | 0.906 | 0.381 | 0.208 | 0.255 | 0 249 | 0.251 
16 25 | 0.284 | 0.306 | 0.322 | 0.281 | 0.226 | 0.200 | 0.207 
13 06 | 0.288 | 0 907 | 0.310 | 0.261 | 0.191 | 0.159 | 0.162 
.»-| 10 45 | 0.290 | 0.307 | 0.301 | 0.848 | 0.164 | 0.128 | 0.115 
September 5....| 6 48 | 0.295 | 0.308 | 0.286 | 0.215 | 0.197 | 0.082 | 0.058 
September 15 3 00 | 0.298 | 0.297 | 0.268 | 0,190 | 0.008 | 0.049 | 0.017 
September 06 | 0.301 | 0. ), 0. BB | 0.6 
0 306 | 0.255 | 0.175 | 0.076 m9 | 0.000 


RELATIVE TOTAL HEAT RECEIVED DURING CERTAIN MONTHS. 

By adding the amount for each day of any month in 
the following table we get the relative numbers for the 
total amount of heat received direct from the sun at 


* Abstract from Cleveland Abbe's “ First Report on the Relations Be- 
tween Climates and Crops.” 
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various latitudes during certain months by a unit of 
horizontal surface under a clear sky, and after absorp- 
tion by ordinary clear air, plus the amount received 
from the diffuse sky light or the atmospheric reflection, 
all expressed in terms of the amount that unit surface 
would receive if the sun were constantly in the zenith 
during twelve hours. The coefficient of transmission 
through one atmosphere for zenithal sun is, as before, 
0.75, and the added sky light is 0.125, to accord with 
the Arago-Davy conjugate thermometers, since these 
are affected by the sum of the heat received by their 
surfaces from the sun and from the atmospheric parti- 
cles in the visible celestial vault. 


Relative quantities of total heat received monthly at 
different latitudes in the northern hemisphere. 


Month. | 10°. | a0°. | so. | 70°. | | 90° 

March 20 to 81........... a7| 37] 33] 23 06) 02 
100 | 10.6] 101) 64] 39] 
cane 92| 10.4] 1.2 | 11.8} 107| 11.0] 
July 97 | 10:7| 121| 10.8] 10.1| 1.08 
‘AU 101 | 107| 109| 68| 68 
ber 1 to 77| 78| 71) 62) 27] 15] 09 
60.2 | 64.6 | 67.1| 578 | 46.0| 41.6] 403 


| 
| 
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PHOTO-CHEMICAL INTENSITY OF SUNSHINE. 

Bunsen and Roscoe, in a series of memoirs published 
in the Philosophical Transactions, London, 1857, 1859, 
and 1863, entitled, “Photo-chemical Researches,” dis- 
cussed the methods of measuring the chemical action 
of light by help of photographic tints, and endeavored 
to improve upon the methods of Herschel, Jordan, 
Claudet, and Hankel. They adopted as a standard unit 
for measurement that intensity of the light which in 
one second of time produces the standard tint of black- 
ness upon the standard paper. Their methods are too 
laborious for the ordinary meteorological observer, but 
have furnished some important data as to the chemical 
activity of diffuse sunlight and of total daylight. 

In his memoir of 1864, Roscoe states that he and 
Bunsen had developed a method of determining the 
chemical intensity of both direct sunlight and diffuse 
sunlight, or the total daylight, that is, based upon the 
law that the intensity of the light multiplied by the 
duration of exposure of chloride of silver paper of uni- 
form sensitiveness gives a series of numbers propor- 
tional to the shades of tints, so that light of the in- 
tensity 50, acting during time ¢, produces the same 
blackening effect as light of intensity t acting during 
the time 50. According to this method the chemical 
action of the total daylight was determined for Man- 
chester, England, many times a day during 1864, and 
the total daily chemical intensity has been computed 
for the year August, 1863, to September, 1864. Very 
large changes in chemical intensity occur when the 
sky is cloudless and unchanged as far as the eye can 
perceive. The total intensity for an apparently cloud- 
less day varies from 3.3 for December 21, 1863, to 119, 
June 22, 1864. This last number, compared with the 
figure 50.9 for June 20, and 26.6 for June 28, shows the 
enormous variations that take place in the chemical 
rays that reach the observer at Manchester on cloud- 
less days. This variation is undoubtedly due in part 
to smoke and moisture, but possibly other unknown 
influences are also at work. 

In 1867 H. E. Roscoe communicated to the Royai 
Society the results of work done by hisemethod at Kew, 
England, in 1865, 1866, and 1867; at Heidelberg, 1862 
and 1863, and at Para, Brazil, 1866. The general re- 
sults are that the chemical intensity attains its. maxi- 
mum at noon and not, like the temperature, at some 
time after noon. Everywhere the intensity increases 
from hour to hour with the altitude of the sun, and is 
very closely proportional to it even when the sky is 
partially clouded, but of course the rate of increase 
varies with the season, the amount of cloud, and the 
degree of atmospheric opalescence. The total chemi- 
cal intensity for each month, as determined from 
numerous observations, is as follows for Kew: 


Total photo-chemical intensity of direct and diffuse 
light (Roscoe). 


Month. 1865. | 1866, | 1867. Month. 1865. | 1866. | 1867. 


15 114 | 107 |. 
March. 3l September...) 108 |. cccee 
April.. os 98 October......| 23 29 cece 
118 79 |..... || November. 18 16 
JuLe.... | 88 December....| (8) | (14) |.....+ 


Roscoe compares these figures with the cloudiness 
and finds that the ratio between cloudiness, expressed 
on a scale of 10, and the chemical intensity is as 1 to 5 
in some months and as 1 to % in others. A similar 
irregularity of ratio is found when he considers the 
absolute moisture in the atmosphere; whence he con- 
cludes that the variations in chemical intensity, as 
between the spring and autumn, are not perfectly ex- 
plained by either of these factors. He finds the high 
autumnal and low vernal intensity fairly well ex- 
plained as due to the transparency or opalescence pro- 
duced by finely divided solid particles or dust. 

Passing from Kew to Para, it appears that the chemi- 
eal action of total daylight during the month of April, 
1866, at Para was 6.6 times as great as at Kew. 

In order to obtain data for a clearer atmosphere, 
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Roscoe’ and Thorpe conducted observations in ‘%67 
near Lisbon, Portugal, and published their result= ip 
a memoir of 1870, where they have given the rela‘ ion 
between the sun’s altitude and the chemical intensity. 
The intensity is the same, for hours that are 
distant from apparent noon. The relative inten ity 
of direct sunlight, reflected sky light, and total ins: |g. 
tion is shown for different altitudes at Lisbon by ‘he 
following table: 


Intensity of insolation at Lisbon for clear skies 


Observed Chemical Intensity. 


Altitude of ca 
of Suo | 
| Sun. Sky. Tota! 
9.95° 15 0.000 0 038 0.068 
19.68° 18 0.062 0 
3L.28° 23 0 0.100 O.152 
42.22° 2 0.100 0.115 0.215 
53.15° 19 0.136 0.126 0.26% 
61.13° 0.195 0.132 O.R27 
0.221 0.138 0.259 


In general, the total intensity is directly propor- 
tional to the number of degrees of altitude. For alti- 
tudes between 18 deg. and 35 deg. the intensity on a 
plane perpendicular to the incident rays is about the 
same as the intensity of total sky light on a horizontal 
plane. The intensity of direct sunlight on a horizontal 
plane is equal to the intensity of total sky light on a 
horizontal plane when the sun’s altitude is about 45 
deg. At all altitudes of the sun below 21 deg. the 
chemical action of diffuse daylight exceeds that of 
direct sunlight. 

In their memoir of 1871 Roscoe and Thorpe deter- 
mined the amount of chemical action for total sky light 
of a cloudy sky during totality of the solar eclipse, 
and found it much less than 0.003, and therefore not 
measurable. They found the total chemical action of 
the direct sunlight to be strictly proportional to the 
visible area of the portion of the solar disk up to a 
certain point in the obscuration, after which the influ- 
ence of sky light is inappreciable. For altitudes below 
50 deg. at Catania, Sicily, as elsewhere, the amount of 
chemical action effected by diffuse daylight on a hori- 
zontal surface is greater than that exerted by the direct 
sunlight. At altitudes less than 10 deg. direct sun- 
light is almost completely robbed of its chemically ac- 
tive rays. 


IMITATION OF PRECIOUS STONES. 

UNpber the name of imitation stones four classes of 
essentially different products may be distinguished. 
The first includes fine stones, imitated by other stones, 
but of inferior value. In the second class are stones 
imitated by different species of quartz. The third cate- 
gory is that of imitation by means of ordinary or of 
special glass, to which has been given the name 
“strass.” Finally, the fourth class of false or imita- 
tion stones is that of veneered stones or doublets. 

The stones of the first class are substitutions rather 
than imitations. The connoisseur will not readily be 
deceived by imitation of quartz, of strass, or by a ve- 
neered stone (doublet) but perhaps he may be led to 
purchase as a diamond a stone of inferior quality. 

It is in reality the diamond which is the object of 
substitution. For this purpose sapphires or topazes. 
more or less uncolored, may be made use of; these 
with reference to their composition differ but little 
from the diamond. The colorless topaz of Brazil, de 
nominated the goutte d’eau (‘tear’) by lapidaries, has 
when cut and polished the appearance of a diamond. 
These topazes always find purchasers at a compara- 
tively high price, for the purchaser often entertains a 
secret hope of reselling them as diamonds. 

Numerous substitutions of this kind occurred in 
Paris about 1865, and gave rise to a famous lawsuit. 
The Académie des Sciences recognized the stones sold 
as diamonds by numerous jewelers to be Brazil to- 
pazes, and a seller was tried and convicted. If the de- 
ceived jewelers had been better informed, they would 
have had no trouble, for these stones can be scratched 
by the genuine diamond. Impostors are not hindered 
by the tint which a topaz may have, as it has been 
long known that the color can be removed. 

The sapphire is also well adapted to substitution. It 
is next to the diamond the most highly-esteemed_ pre- 
cious stone. The most beautiful sapphires come from 
the East Indies. The white sapphire is as rare, and 
almost as brilliant as the diamond. The finest sap- 
phire may itself be imitated by the blue tourmaline 
or Brazil sapphire, as may also the ruby by the rose 
tourmaline or ruby of the Orient. Another Brazilian, 
the cymophane, when it is transparent, imitates the 
yellow diamond. 

Almost all fine stones may be imitated with differen' 
kinds of quartz. And these imitations sometimes de- 
ceive even an experienced buyer, for the result of the 
examination with the file is the same as for a genuine 
diamond. 

Quartz has for a base one of the common substances 
in nature, silicon. This substance occurs in the mos! 
varied forms and aspects; different names have been 
given to it when assuming well-known substances, of 
which at first the same origin is ndt recognized. The 
variety of quartz known as rock crystal or hyaline 
quartz is that which arouses the greatest interest of 
the jeweler. The most beautiful rock crystal comes 
from Madagascar, but it is found in numerous other 
countries, and especially in countries having graniti 
mountains or similar rocks. The ancients regarded 


| 

ern 

(si 

stol 

wit 

| top 

an 

sap 

\ lus' 

ele 

san 

| tior 

fac’ 

kne 

is t 

not 

the 

gen 

gre 

con 

par 

sho 

4 sho 

alle 

The 

For 

add 

chk 

T 

f app 

dia 

- ord 

4 vili 

| whi 

coa 

spe 

for 

of 

\ 

par 

of 

two 

ing 

— — jun 

of | 

less 

tair 

stoi 

par 

ven 

of 

to | 

the 

on 

line 

de 

I 

hy} 

lies 

to | 

the 

A. 

sul 

not 

wit 

wit 

eles 

exp 

mo 

axi 

Thi 

me 

Zia! 

= - anc 

ele 

the 

for 

—— —| — Bu 

the 

pla 

! | pre 

tan 

fins 

me 

the 

upe 

ion 

tio. 

vol 

ter 

— nes 

dis 

the 

por 

Spa 

Wi 

dis 


May 26, 1906. 


congealed water. The experiments of mod- 


quartz 

ern chemists have shown that it is hydrated silica 
(silex). Stones of quartz, which in reality are fine 
stones ||| of secondary order, are not to be confounded 
with th diamond, the white sapphire, or the “tear” 
topaz. (lie diamond is harder, weighs more, and has 
an ada: antine brilliancy peculiar to itself. The white 
sapphire is also harder and weighs more. It has a 
luster |\os brilliant and- retains for several hours the 
electri''y that has been developed by friction; the 
same he case with the colorless topaz. Rock crys- 
tal wes worked in ancient Athens with rare perfec- 
tion. welry and other objects of luxury were manu- 
factur' | from it. The inhabitants of India and China 
knew «'so the art of cutting and working quartz. 
Stones of the third category are manufactured; that 
is to -1y, the material from which they are formed is 
not 1atural product, but a composition, which, if 
the purity and homogeneity necessary for rivaling the 
genuine diamond are desired, must be worked with the 
greatesi care. The special glass resulting from the 
composition is generally designated under the name 
strass 


The formula giving the best results is the following: 
rock crystal, 32 parts; minium, 50 parts; potash, 17 
These products 


parts; borax, 1 part; arsenic, 4 part. 

shoul be carefully weighed, pulverized, and mixed, 
and ‘hen put in an oven the temperature of which 
should be regularly maintained. The mass should be 
allowed to cool slowly, while remaining perfectly still. 
The uncolored strass is thus secured ready for cutting. 
For imitating colored stones, the glass is prepared by 
adding to the composition metallic salts, such as gold 
chloride, cuprie oxide, and cobalt oxide. 


Thirty years ago the jewelry trade witnessed the 
appearance of a new product, denominated “artificial 
diamonds.” These were stones of strass, or even of 
ordinary glass, cut like veritable diamonds, the pa- 
vilion of which was covered with a thin layer of silver, 
which gives to the facets great refracting power. This 
coating of silver is deposited by dipping the stone in 
special baths, and as it is exceedingly thin, it is rein- 
forced by the galvanic method, or protected by means 
of a special varnish. 

Veneered stones (doublets), which form the fourth 
category, are, as their name indicates, objects fhe upper 
part of which may be either genuine stone or a piece 
of colored quartz, while the lower part is glass. The 
two pieces are united, either by cementing, or by plac- 
ing them in a setting so arranged that the line of 
junction is completely concealed. The principal part 
of the stone may also be of rock crystal—that is, color- 
less——with a pavilion of colored glass. Thus are ob- 
tained artificial rubies, sapphires, emeralds, and other 
stones, which, when mounted, have the color and ap- 
parent hardness of genuine stones. Another class of 
veneered stones consists of two uncolored pieces, one 
of quartz, the other of glass, between which is inter- 
posed a layer of transparent cement, colored according 
to the stone to be imitated. At the commencement of 
the last century the veneering of stones was introduced 
on a considerable scale, and the first artists in that 
line succeeded in deceiving many buyers.—Almanach 
de l'Horlogerie et de la Bijouterie. 


CONTEMPORARY ELECTRICAL SCIENCE.* 

DEFORMATION OF MovinGc ELEcTRONS.—According to the 
hypothesis of Lorentz, the axis of the electron which 
lies in its direction of motion is shortened in the ratio 
1: Vs, where s=1—vu*/v*. This shortening extends 
to all matter, and accounts for the negative result of 
the Michelson-Morley interference experiment. Now 
A. H. Bucherer announces that Kaufmann’s latest re- 
sults as to the longitudinal mass of Becquerel rays do 
not agree with Lorentz’s deformation, but they agree 
with the theory of incompressible electron as well as 
with a rigid electron. The author’s incompressible 
electron is shortened in the direction of motion and 
expanded in all directions normal to the direction of 
motion, thus becoming a Heaviside ellipsoid with one 
axis of length a*y s and two axes of lengths a/*Vs. 
This also accounts for the Michelson-Morley experi- 
ment, but it has distinct advantages over the Lorent- 
zian deformation. It is not necessary to assume new 
and unknown forces within the electron, and the en- 
ergy of the internal forces remains constant. The new 
electron has no tendency to turn its longest axis into 
the direction of motion, and the work of the external 
forces equals the increase of energy of the field.—A. H. 
Bucherer, Physikalische Zeitschrift Dec. 1, 1905. 

Spark LenetuHs.—G. M. Hobbs has studied 
the behavior of very small spark-gaps in order to ex- 
plain the results obtained by Earhart and Carr, and to 
find whether Paschen’s law of the constancy of the 
product of maximum gas pressure and sparking dis- 
tance for a given P.D. applies to these small gaps. He 
finds that with gaps ranging from zero to 0.002 milli- 
meter (34) the discharge is wholly independent of 
the gas between the electrodes. It simply depends 
upon the nature of the metal, and the heavy metallic 
ions convey the whole discharge or a considerable por- 
tion of it. Platinum requires a comparatively high 
Voltage and aluminium a much lower voltage, the in- 
termediate metals being antimony, silver, nickel, mag- 
hesium, zine, bismuth and brass in order. After the 
distance of 3u is exceeded, the gas comes into play, but 
there is always a certain distance, evidently corres- 
ponding to the mean free path, through which the 
Sparking potential remains constantly at 350 volts. 
With a pressure of 1 centimeter of mercury in air this 
distance extends as far as 754. In hydrogen this con- 


* Compiled by E, E, Fournier d’Albe in the Electrician, 
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stant potential is lower, and in carbonic acid it is 
higher than in air, being about 420 volts. When this 
“minimum gas potential” reaches its limiting spark- 
length, the potential increases steadily with a further 
lengthening of the spark gap, and is proportional to its 
length. The author operated with one spherical and 
one plane electrode, and measured the distances with 
an interferometer.—G. M. Hobbs, Philosophical Maga- 
zine, December, 1905. 


SCIENCE NOTES. 


That India rubber is extensively adulterated during 
the processes of manufacture is a well-known fact, but 
that the crude material is “faked” by the natives at 
the time it is collected is not common knowledge. 
Yet such is the case, and the natives are stated to be 
exceptionally expert in this traffic. The classes mostly 
adulterated are the darker brands. When the tree is 
tapped, the raw material is collected first in a suitable 
receptacle. It is then of the consistency of treacle, 
and in order to cause the sap to coagulate it is poured 
upon a bamboo pole, which is slowly revolved over a 
fire so that a large sphere of rubber is produced. It 
is during this stage that the natives adulterate the 
rubber. White cereals of any description are ground 
to the consistency of flour, and as the pole carrying 
the rubber is revolved, it is thickly sprinkled with the 
powdered grain. It is practically impossible to dis- 
cover traces of this “faking,” as after manufacture 
the product is exactly similar to the finest qualities of 
white rubber. 


Fourcroy studied the nature of “litharged” wine, 
Berthollet (1801) the methods of preserving water for 
long voyages, Chevreul (1846) various chemical re- 
actions which explain the hygiene of populous cities, 
and (1856, 1862, 1870) methods of preparing and pre- 
serving food; Graham and Hofmann reported upon the 
use of acetate of lead in sugar refining (1850), upon 
the London water supply (1851), and upon the adul- 
teration of pale ales with strychnine (1882); Dumas 
was interested in many sanitary matters and made, 
among others, reports on the mineral waters of France 
(1851), on the water supply of Paris (1859), on the 
treatment of sewage (1867), and on the preservation of 
food (1870--72); Wurtz was for a number of years pres- 
ident of the Comité consultatif d’hygiéne, and a year 
before his death was president of the Société de méde- 
cine publique. His investigations and reports on sani- 
tary subjects are numerous—on the disposal of the 
waste from distilleries and sugar-refineries, on the 
colors employed on German toys and in articles of 
food, on the adulteration of wines, etc. 


Except in the case of Sporodinia grandis, and per- 
haps one or two other species of Mucoracew, mycolo- 
gists have experienced great difficulty in securing the 
zygosporic stage of these fungi. The recent paper by 
Blakeslee, announcing the conditions governing zygo- 
sporic formation in this family, seems to open a field 
for investigation wholly novel and suggestive. The 
substance of his results is that this family may be di- 
vided into two principal categories, designated, re- 
spectively, as homothallic and heterothallic, these 
terms corresponding to monoecious and dioecious forms 
among higher plants. Sporodinia grandis belongs to 
the homothallic type, both gametes in every union de- 
veloping from the same thallus. Rhizopus nigricans 
belongs to the second and larger class, the hetero- 
thallic type, in which the two gametes are invariably 
the product of two mycelia, which mycelia are 
sometimes of diverse vigor. When in culture, the 
two strains, as they are termed, grow together, zygo- 
spores are abundantly produced along the lines of con- 
tact. These are the striking results of this important 
paper; but other related physiological facts have been 
observed, and only further investigation can tell 
whether this is a special case of gametic union in the 
fungi, or whether similar phenomena may be found to 
be characteristic of other groups where there is gam- 
etic union. 


Nothing should be said against classical education 
for those who can be benefited by it. The second 
aorist, the verbs in mi, the ethical dative, and the sub- 
junctive by attraction have satisfied and will continue 
to satisfy many a hungry soul. But we have discover- 
ed recently two important facts: first, that in this 
scientific age of ours there are intellectual stomachs 
that revolt at such a diet and absolutely refuse to 
assimilate it; second, that the greatest error in our 
present system of education is the attempt to create a 
uniform type of mind, to turn out large numbers all 
equipped with the same stock in trade. Every encour- 
agement should be given to train the best that is in 
each individual and not to obtain an average of medi- 
ocrity. It is a pleasure to note that the teaching of 
the kindergarten, the introduction of manual training, 
the increase of science study are all tendencies in the 
right direction. There is, however, a realm of educa- 
tional work which is based upon the economic and in- 
dustrial needs of the nation. With advancing civiliza- 
tion, with the luxuries of yesterday becoming the con- 
veniences of to-day and the necessities of to-morrow, 
with our products reaching every civilized market on 
the globe, with competition in all lines of activity 
growing keener and keener every day, it is seen that 
local experience, even though deep and thorough, 
counts for little in the world-wide industrial competi- 
tion. A basis of judgment and of practice must be ob- 
tained that shall be universally true—this has been 
found in the study of science, both pure and applied. 


The biologists have great problems on hand for so- 
lution. The nineteenth century work made it clear 


25419 


that all the forms of vegetable and animal life of to- 
day are the product of slow changes in form and func- 
tions of living things reaching back millions of years. 
The successions of some forms were well worked out 
and the principle established. We call it evolution and 
everybody nearly believes that this represents the 
truth in the matter, but how these changes occur and 
what necessitates them remain as mysterious as ever. 
Darwin spoke of natural selection. There were all 
sorts of variations in progeny, and the ones best fitted 
to the environments survived, but he gave no reason 
why there should be variations, and this is the great 
question to-day. Many are at work to discover this, 
and some who have worked in this line have stumbled 
upon some very unsuspected facts. There has been 
assumed that like would produce like, and that hered- 
ity could and would account for abnormal structures 
when parents for any reason through new environment 
had acquired new habits or new structures of any kind. 
Now it has been shown that such changes of structure 
or of habit seldom if ever appear in the progeny. For 
instance, no matter how many generations of mice 
have their tails cut off each new mouse has the same 
old length of tail. Each lamb has as many tail verte- 
bre as did those of hundreds of years ago, though all 
lambs have their tails cut off when young. Such ac- 
quired character is not inherited. Nature pays no 
attention to any changes save such as she herself in- 
itiates, and the conditions she herself adopts remain 
to be found out. Sometimes she makes monsters and 
sometimes geniuses, but never by external environ- 
ment, always de novo. This throws overboard the 
principle good and thoughtful men have so long cher- 
ished, that the good habits of one generation would 
be a hereditary possession of the next. The conditions 
for heredity are now a most absorbing study among 
some of the foremost biologists. It is suggestive that 
at this late day such a reversal of opinion on this ques- 
tion has come about and that the question has been 
run down to cellular structure and molecular arrange- 
ment. It will hardly be gainsaid that a knowledge of 
the proper conditions for changing forms, functions, 
habits and motives of living beings will be of priceless 
value to the race, and this work comes to the twen- 
tieth century. 


ELECTRICAL NOTES. 


A series of tests has been carried out for some time 
in Switzerland by one of the leading electrical firms, 
the Oerlikon Company, under the auspices of the gov- 
ernment railroads, upon the use of alternating current 
for electric locomotives. Monophase current at high 
tension is employed here, and at present the tests are 
made with two locomotives. These are of two differ- 
ent kinds, and the first one is equipped with apparatus 
to transform the alternating current into direct cur- 
rent. The latter current is sent into the motors of the 
locomotive. Each of the motors is rated at 220 horse- 
power. The first locomotive, weighing 46 tons, carries 
four driving axles. Using 400 horse-power, it makes a 
speed of 25 miles an hour up to 35 miles an hour. As 
regards the second locomotive, it runs entirely by al- 
ternating current. The line current of 15,000 volts is 
lowered by transformers to 750 volts for the motors. 
About 42 tons is the weight of the locomotive and it 
has about the same power and speed as the first one. 
Current is taken frota an overhead wire, with different 
experimental forms of trolley. On the Seebach-Affol- 
tern trial trips have been made with 150 and 200-ton 
trains, and in 215 days the trains made 1,746 trips. In 
general, the results of the tests have been successful, 
and afford many points in regard to the working of al- 
ternating current for locomotives. 


The Compagnie de l’Industrié Blectrique is carrying 
on a series of experiments at the works near Geneva 
regarding the use of direct current at unusually high 
tension. These tests, which seem to show the possi- 
bility of using tensions which are two or three times as 
high with the direct current as with aiternating cur- 
rent, in connection with the well-known series system 
of transmission over long distances, are likely to be 
of great importance from a practical point of view. 
One of the largest plants which is now operated on 
the high-tensicn direct-current system is the St. Mau- 
rice-Lausanne hydraulic transmission plant which has 
been running successfully for some years past. The 
experiments may lead to a greater development of 
this system, and show that current can be transmitted 
at a low cost to great distances. An important point 
is that underground cables can be used for high ten- 
sion without showing the great disadvantages which 
we find with alternating current. These tests have 
been carried on in the presence of leading engineers 
from different countries. For the first time we are 
able to observe the effects of direct current at tensions 
which reach 100,000 volts between the line and ground. 
This represents, in reality, a tension of 200,000 volts 
between two wires. The highest tensions which have 
been utilized in Europe with alternating current up 
to the present do not exceed 60,000 volts. and even in 
this case engineers consider it too high for use in 
practice. The result of the tests is therefore to be 
awaited with interest. 


As regards the electric plants now in service or in 
project at Lima, Peru, or in the neighborhood of that 
city, we note the following points. The system of 
electric railroads and tramways near the city has 
much increased since 1904. The electric road connect- 
ing Lima with the port of Callao is now running well, 
and also the line which connects the city with differ- 
ent seaside resorts as far as Chorrillos. Owing to the 
absence of dust, this line has taken nearly all the 
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traffic away from the steam railroad. It is proposed to 
build a second electric line which will also run to 
Chorrillos and will compete with the former. The 
second line is to be built by a German syndicate. On 
the other hand, the city tramway company of Lima 
has made an arrangement with the municipality by 
which it is to electrify its lines within the space of 
two years, at the same time increasing the lines by 
three miles of track. Electric automobile hauling 
wagons are now used to transport part of the freight 
between the custom-houges of the port of Callao and 
of Lima. These wagons have given very good results 
so far, and they circulate in all the streets of the city. 
As regards aerial telegraphy, it appears that the Per- 
uvian government lately made a contract with a Ger- 
man company for establishing an aerial telegraphy 
system between the port of Iquitos and Lima. To 
erect the intermediate stations will no doubt require 
some time, seeing that these posts must be constructed 
in an almost uninhabited region on the eastern slope 
of the Andes. Among the new electric enterprises in 
Peru may be mentioned the electric lighting of the 
cities of Huacho and Chiclayo. 


ENGINEERING NOTES. 

Until the recent development of the Portland cement 
industry in the United States, the greater quantity of 
concrete work was done with the natural cements, of 
the Rosendale or Roman classes, which have always 
been obtainable in this country, of excellent quality. 
Portland cement was formerly used only where special 
hardness, or strength or resistance to abrasion was 
required, but now the low cost of Portland has caused 
a great extension of its use. There are, besides, in- 
stances where, in the inside of a large mass, a natural 
cement has failed to set, even after many years, but no 
such failure of Portl..d cement has been recorded. 
In recent years, the manufacture of all kinds of cement 
has been greatly improved and good concrete can be 
made from either natural o~ Portland, but where ex- 
posure to the weather, or great resistance to abrasion 
is necessary, Portland cement is generally preferred. 

Numerous tests have been made by eminent authori- 
tiles upon gas-producers in order to ascertain the actual 
heat efficiency. Mr. Dugald Clerk, in a lecture de- 
livered before the Institution of Civil Engineers in 
1904, gave the results of some tests carried out for 
him by Mr. M. Atkinson Adam, B.Sc., on two Dowson 
suction producers, one adapted for a maximum work- 
ing load of 40 B. H. P., generating about 3,000 cubic 
feet of gas per hour; the second adapted for a maxi- 
mum working load of 30 B. H. P., generating about 
2,300 cubic feet per hour. The heat efficiency of the 
40 B. H. P. plant was found to be 89 per cent, while 
the 30 B. H. P. plant showed an efficiency of 86 per 
cent. The thermal efficiency of the gas engine is very 
much greater than that of the steam engine, the high- 
est efficiency obtained—so far as the author is aware 
—being about 33 per cent on the brake horse-power, 
while the efficiency of many engines of different sizes 
and designs varies between 20 and 30 per cent. 

FPreyn has made the following calculation, assuming 
a new blast furnace plant of two 400-ton blast furnaces, 
situated in the immediate vicinity of a large city and 
having the ordinary facilities for water supply and 
for handling the raw and finished material. Assum- 
ing both furnaces in good operation and assuming a 
coke consumption of 1,900 pounds per ton of pig iron, 
there will be required 800 1,900 1,520,000 pounds 
of coke per day. This quantity of coke produces ap- 

proximately 110,000,000 cubic feet of gas in 24 hours, 
or per ton of pig iron 110,000,000 — 800 = 137,000 cubic 
feet of gas. The losses on the top of the furnaces may 
amount to approximately 5 per cent, so that 130,000 
cubic feet of gas per ton of pig iron produced in 24 
hours could be obtained. The average heat value of 
this blast furnace will be about 90 B. T. U. per cubic 
foot. The total quantity of gas available for the vari- 
ous purposes in this blast furnace plant amounts to 
130,000 X 800 = 104,000,000 cubic feet of gas per 24 
hours, or 4,350,000 cubic feet per hour, having a total 
heat value of 391,500,000 B. T. U. Modern double-act- 
ing gas engines of large capacity working on the four- 
cyele or Otto principle, built with the latest improve- 
ments and using high compression of mixture, con- 
sume less than 9,000 B. T. U. per hour per brake horse- 
power at full load capacity. The total quantity of gas 
produced by two blast furnaces of 400 tons capacity 
each, when used in gas engines for generating power, 
would operate at least 291,500,000 + 9,000 = 43,500 
horse-power. If, therefore, all the gas generated by a 
blast furnace plant could be used for producing power, 
there would be available over 50 horse-power per ton 
of pig iron produced per 24 hours. This quantity of 
4,350,000 cubic feet of gas per hour will be divided for 
the various purposes of the blast furnace plant as fol- 
lows: One part of the gas is used for heating the 
hot blast stoves, another for operating gas blowing en- 
gines and there is gas required for the auxiliary ma- 
chinery, such as pumps, hoists, coke and ore-handling 
machinery, power transmission, compressed air, pig- 
iron casting machinery, and for lighting the entire 
blast furnace plant; some of the gas is also necessary 
for operating gas engines serving the gas cleaning 
plants and a certain percentage may be counted for 
losses in the piping in the engines, the gas cleaning 
plant, etc. It will be seen that the total quantity of 
fas necessary for the operation of the blast furnace 
plant itself amounts to approximately 50 per cent of 
the total quantity generated, leaving a little less than 
50 per cent available for useful work outside of the 
blast furnace plant itself. 
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